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Abstract

This volume is the report of a test program to
measure under carefully controlled conditions
on the ground the effects of an atomic bomb on
aircraft and missile structures. Some measure-
ments of the blast and thermal phenomena
peculiar to the USAF problem are included.

Automatic-recording-instrumented aerody-
namic and structural models were erected at
four different ranges from the shot tower to de-
termine the forcing functions (actual loads) and
the dynamic response when subjected to the
blast wave. Other test articles, consisting of
the following aircraft components: F-47 wings
and control surfaces, F-80 fuselage sections
with canopies, B-17 elevators, and cylinder- and
airfoil-shaped overpressure models, were sta-
tioned at four ranges to determine mainly the
destructive effect of the differential-pressure
shock and also the over-all effect of the bomb.
A survey of the highest temperature attained on

A

various portions of the test articles was con-
ducted with an experimental temperature-
measuring device. A limited number of measure-
ments of temperature variations with time were
made on portions of the test articles. The
overpressure vs time at each of the four test
ranges was measured using an interferometer
gauge mounted level with the ground. Phenomena
peculiar to the angle of attack of the blast wave
were measured with three different types of
instruments,

The results of the measured data are pre-
gented, including initial conclusions and rec-
ommendations. However, the intent or purpose
of this operation was to gather data from which
aircraft and missile structural design criteria
could be evolved. Therefore conclusions will
not be available until a more exhaustive evalu-
ation can be conducted.
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Chapter 1

Introduction

1.1 GENERAL CONSIDERATIONS

The over-all functions of Projects 8.0, 8.1,
and 8.2 were to investigate, measure, and eval-
uate the effects produced on an aircraft flying
in the region of an atomic bomb burst. The en-
gineering data collected as a result of this test
are to be utilized for (1) the establishment of
aircraft and missile design criteria, (2) the
determination of safe operating procedures for
aircraft required to fly within the field of an
atomic bomb burst, (3) the determination of
hazards encountered by aircraft and missiles
in the air and on the ground when in the field of
an atomic bomb burst, and (4) the establishment
of data required for the detail design of aircraft
and missile structures, that is, choice of mate-
rials and type of construction,

Project 8.2 is the ground phase of the over-
all aircraft program, and, as the name implies,
all testing was performed on the ground of var-
ifous islands of the Eniwetok Atoll. The ground
tests provided an opportunity to gather data un-
der closely controlled conditions (as compared
to flight conditions) on simplified structures.
This was extremely important since the use of
simplified models rather than complex aircraft
structures permits a correlation of theory and
experiment with the minimum of problems due
to superfluous details. In addition it provided
an opportunity to make reliable observations of
the effects on aircraft structures at a relatively
short distance from the center of the burst.
These observations are valuable in determining
the effect and extent of local blast damage on
secondary and primary structural components.
This type of damage cannot be reliably pre-
dicted by methods of analysis; yet it may be an
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important factor in the failure of certain types
of aircraft structures,

It was apparent that, if failure were to occur
in the structure of an aircraft operating within
the field of an atomic bomb burst, it would be
caused by blast or thermal radiation. Previous
atomic tests and engineering data derived there-
from indicated that the blast effect was the phe-
nomenon most destructive to the aircraft struc-
ture, although thermal radiation appeared to be
critical in certain portions of the aircraft, and
the requirement for temperature data became
more important as studies of existing data
progressed. The blast phenomena of an atomic
bomb burst may be broken down into the fol-
lowing three divisions to clarify their relation
to the aircraft structures problem and to the
Project 8.2 test program: the aerodynamics of
the shock wave, the air loads (lift, drag, and
crushing) on the aircraft structure, and the
response of the aircraft structure to these
loads. The thermal-radiation problem does
not need to be divided for the purpose of re-
porting the test results on aircraft structures.
The Project 8.2 test program limited the in-
vestigation of the thermal problem to the ineas-
urement of the highest temperature encountered
at a number of locations on the ground-test ar-
ticles and included three temperature vs time
surveys at each of the four test sites.

1.2 OBJECTIVE

In general, the objective of the Project 8.2
test program was to place definitely specified
aircraft components and models at predeter-
mined ranges in the field of the Easy atcmic
bomb burst and, under carefully controlled

L




conditions, to measure and evaluate the effects
mainly of the blast phenomena and also of the
thermal radiation on these test articles. The
objective also included measurements of the
blast phenomena peculiar to, and required by,
the Air Force 1n order to obtain sufficient data
about the aerodynamics and thermodynamics of
the shock front and hlast wave to make possible
the establishment of aircraft design criteria.

Therefore the specific objective of Green-
house Project 8.2 was to perform the neces-
sary tests from which data of the following type
could be assembled:

1. Air-load and air-pressure measurements
on ideal rigid two-dimensional wing models to
determine the actual loads which these wings
experience (see Fig. 1.1). (An ideal two-dimen-
sional rigid-wing model in this case refers to
a small, very rigid (stiff) wing with no sweep
backward or forward, no taper in either the
leading or trailing edge, and no change in the
size of the airfoil throughout the span).

2, Structural measurements of the dynamic
response of ideal straight- and swept-wing
models to an atomic bomb burst. (Ideal wing
models in thls casr: refer to small structural
wings of simple design which behave struc-
turally in a manner suitable to verify methods
of dynamic-stress analysis.) The ideal models
utilize the same airfoil section as the rigid
model in order that the dynamic response can
be correlated directly with known air loads.
These ideal wing models shall be referred to
hereafter as “structural” models and “swept”
models (see Figs. 1.1 to 1.4).

3. Qualitative results on vented and unvented
simple cylinders and simple airfoil shapes to
determine the effect of the shock wave and the
alleviation effect of venting holes (see Fig. 2.9).

4. Qualitative results of the over-all effect
on canopies, pressurized-type cockpits, control
surfaces, wing structures, etc.

5. A survey of the temperature rise of var-
fous elements of aircraft structures located
stationary on the ground.

8. Measurements of pressure field vs time
at each of the Project 8.2 test sites.

7. Measurements of the angle of the shock

front relative to the chord of the wing modela
at all test sites.

1.3 BACKGROUND

The experience gained by members of Oper-
ation Crossroads and the reports therefrom
furnished both practical and operational in-
formation.

The precedence enjoyed by Deinz associated
with Operation Greenhouse nicde available sub-
stantial amounts of engineering data (regarding
the atomic bomb effects and phenomena) from
other government agencies. This information,
gathered from conferences and reports, ad-
vanced the general understanding of the air-
craft and missile structures problem facing
the USAF. Although this information was not
available prior to the initiation of the Green-
house Project 8.2, every effort was extended
to digest the data and incorporate the latest
conceptions in this project.

1.4 GENERAL TEST PROGRAM

To ensure accomplishment of the objectives,
it was determined essential that a minimum of
four test sites at specific ranges from the
atomic bomb burst be established. The four
islands selected as most nearly meeting the
range requirement in this test were Engebi,
Muzinbaarikku (Muzin), Teiteiripucchi (Teiteir),
and Bokonaarappu (Bokon). Figure 1.5 1is a
sketch illustrating the relative locations of the
island sites, their respective ranges from the
shot tower, and other related data. Figures 1.6
to 1.9 are aerial views of each of the four is-
land test sites.

The array of test articles and equipment was
practically identical for each of the four test
islands. The test installations consisted of
aerodynamic and structural models, F-80
fuselage sections, F-47 wing panels, B-17
elevators, cylindrically shaped and airfoil-
shaped overpressure models, and angle-of-
attack, temperature, and overpressure meas-
uring equipment. Figure 1.10 is an aerial view
and Fig, 1.11 i8 a rear oblique ground view
showing a typical test array. On each island
an instrument room was constructed of suitable
design to house and protect the remotely con-
trollcd recording equipment, time-signal re-
lays, etand-by battery and rectifier systems,
and otiher equipment (see Figs. 1.12 to 1.18).
These rooms or small buildings were all lo-~

4

e

s.n-.hv"“

bi

v QT " PR e e

j’.' n ﬁr'rﬂ '\]




-

L

unsuyor v -3 15|

SUIqQnIIW "M T ¥35/S
[EaN "W "D 13g/1
1aphug "D "y ¥85/1
(319qUIV 'V "4 BS/N)

doysig "W ‘Y .um\L

(uojsuyor ‘y “g 13g)
{tamoy 4 °H 138
auym r "D 13g
upseg ‘L ‘g 138
UEWIUlay M "d 13§
wnIpii ‘d ‘H 3§
re1n v °d i13s

K1ayreA 1 °d 35/8

Jaysop vV "4 V3§
uosunyy °r Y 185
oqog ‘d D ¥3s
Japnold "d "N ¥s/8
paodeas ‘4 °q
UCWIMIN ‘M H

[

— - N dvsn ‘yimodeg °q "V ¥71 18§
Aoy v Y 99 W] [i1assny W "4 185/ SYOWpaLd *N ‘D) |AVSN ‘13N "F "A WdeD zua] D “d Xa7d " °r ¥AD
uondaIg uondag uonoag uonIg
_ uondIg wawnJIIsu] Juaurnaysul JUWwnIISUL uaWNIISUL
__ uotoag Liddng uonINIISUOD) armeradway awydeadojoyq 1apown-Buim 1319WO013 1] .
. | I 1 J T

1
yoequapialg ‘r "1
1301530 1aloag weysissy

£1124oq ‘S 11D

10STAPY [e21uyda

sawmay 1 °q L
1321130 1d3foad

2°8 10dr0odd HOJ NOILVZINVOYO 40 I'TdVvl 1'1 J'18V]L




i 14 1

——— N

cated partly below the ground and were 75 to
90 it to the rear of the line of test articles.
The instrument rooms on Engebi and Muzin
were constructed of reinforced concrete with
a heavy steel marine-type door. The large
quantity of electric wires from the measuring
devices in the test articles was conveyed to
the ground inside the pylons and then under-
ground in two large electrical conduits to the
instrument house (see Fig. 1,15), Electrical
power to operate the instruments was provided
by central power sources operated by another
group and by storage batteries. It was neces-
sary to augment these sources with additional
power on Engebi and Muzin. This was accom-
plished by the installation of portable genera-
tors (7.5 to 25 kw) below ground in prepared
sa .dbag revetments (see Figs. 1.16 to 1,19),
The dynamic response, which consists of
bending, shear, and torsion loads, was meas-
ured on the structural- and the swept-wing
models by strain gauges. The sensing ele-
ments for measuring total reactions, i.e.,

total 1ift, drag, and moment of the rigid model,
were also strain gauges. Pressure transducers
employing a variable-reluctance principle were
used in measuring the pressure distribution
over the rigid model. The temperature rise at
various local areas in the structural models
was measured by electrical-resistance-type
temperature gauges. Vane-type angle-of -
attack indicators attached to the supports of
the swept-model pylons were utilized on Engebi
and on Muzin to measure the angle of attack of
the high-velocity air mass (positive pressure)
immediately following the shock front (see
Figs. 1.20 to 1.23). Two 24-channel magnetic-
tape (Webster) recorders were used on each

island test site for remotely recording the
data from the above-described sensing ele-
ments.

An electronic-chronograph system triggered
by pressure switches was used to measure the
angle of attack of the blast wave. This system
operated from the auxiliary power source, and
remote recording was performed by a photo-
graphic system. A method of measuring the
angle of attack of the shock front through the
use of high-speed motion pictures was attempted
on all four test sites. This system consisted in
photographing, with a Fastax camera, the optical
phenomenon produced by refraction through
the shock front of a break or discontinuity in
straight lines suspended within the camera
field.

The temperature survey of the highest tem-
perature attained on various portions of the
structural test articles was performed through
the use of eutectic metal alloys with specific
melting points.

Interferometer -type gauges were used in
measuring the overpressure vs time at each
of the test sites, These instruments contained
their own battery power source and recording
system.

The central-source time signal was used for
remotely actuating all the Project 8.2 instru-
mentation. Additional timing or triggering sys-
tems were required in order to meet the full
requirements of this project.

The organization of personnel for Project 8.2
is given in Table 1.1,

Detailed descriptions of the test, instrumen-
tation, and equipment are contained ia the fol-
lowing chapters.
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Chapter 2

Description of Experimental Procedure
and Test Apparatus

2.1 SELECTION OF TEST ARTICLES

The major portion of the test articles was
utilized in obtaining data on the effects of atomic
bomb blast phenomena on aircraft structures.

A schematic dlagram is presented in Fig, 2.1,
illustrating the division of energies and forces
released by an atomic bomb burst as related to
the aircraft structures problem and the Project
8.2 ground-test program. For clarification of
the cause of blast damage tc aircraft structures
the blast phenomena may be considered as two
separate and distinct forces: On the arrival of
the blast {ront the aircraft structure is sub-
jected to a large crushing force due to the
external-to-internal pressure differential; this
is immediately followed by the movement of a
large mass of high-velocity air over the struc-
ture, causing lift and drag. The effect of the
latter force acting on an ajrcraft structure
anchored in its path is similar to that of an
outside wind tunnel in which the high-velocity
air is caused by the atomic bomb burst. The
functional requirements and a brief description
of the test articles selected to obtain data on the
effects of blast phenomena on ajrcraft struc-
tures are as follows:

1. The measurement of the actual total loads
and the differential-presaure profile produced
by the air-mass movement over a rigid-wing
surface. To obtain these data, a small wing
model of high inherent stiffness as compared
to conventional wing structures waa designed
and fabricated. This rigid-wing model was
oriented in the air-blast path and supported on
a balancing system concealed within the sup-
porting pylons, Two rigid models were mounted

horizontally at each island site between the
pylons as illustrated in Fig. 1.1. The balance
gsystem was designed to make possible the
isolation of the lift, drag, and moment forces
50 that measurements could be accomplished
by strain gauges. Pressure-sensing elements
were installed for pressure-profile measure-
ments,

2. The measurement of the dynamic response
of conventional wing structures under the ap-
plied load of the air-mass movement. This is
the measurement of how a wing structure reacts
to the dynamic lozd of the high-velocity air
mass following the shock front, To reduce
complications in the dynamic-stress analysis
problem and to eliminate other influencing
factors, it was determined advisable to design
and fabricate both a straight- and swept-wing
model for these data, The structural model, as
the straight-wing design is hereafter named,
and the swept model (see Fig. 1.3) were de-
signed in a simple manner to permit a straight-
forward dynamic analysis, Two structural
models were mounted at each island site as
horizontal cantilevers on the outer pylons (see
Figs. 1.1 and 1,2). The structural model uti-
lized the same airfoil section as the rigid model
to permit direct correlation of the dynamic
response with the measured air loads, Strain
gauges were used as the sensing elements in
both models,

3, The observation and evaluation of the
effect of the shock {ront, or, more specifically,
the destructive effect of the differential-pres-
sure shock on various structural components.

A number of factors influenced the selection of
the structural components. These factors in-
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cluded availability of the component from sup-
ply or salvage, size, type of construction, and
the incorporation of several structural features
in one test article, which in turn reduced con-
siderably other problems, such as hold-down
fixtures and logistics, Although the test arti-
cles are being described herein in accordance
with the major reasons for their selection, it is
desired to point out that practically all of them
served at least a twofold purpcse, such as a
general qualitative test of various types of con-
struction and the study of thermal-radiation
effects. A list of the remaining test articles
with major reasons for their selection follows.

1. The F-80 fuselage section was an avail-
able representation of typical fighter fuselage
design, In addition to enabling investigation of
effects of blast phenomena on fuselage-type
aircraft construction, this componcnt includes
three other major test items of interest: a
transparent canopy, a cockpit designed for
pressurization, and a laminated-glass plastic
radar dome (see Figs. 2.2 to 2.4).

2, The F-47 wing panels with ailerons and
flaps installed were selected as typical wing
construction and control-surface-type construc-
tion suitable for a qualitative observation of the
over-all effect of an atom bomb, Of greater im-
portance is the fact that they offered the op-
portunity to observe the differential-pressure
effect upon, and behavior of, lightly constructed,
completely closed metal-covered control sur-
faces (see Figs. 2.5 to 2.7 and 5.3).

3. The B-17 elevators were selected to study
the behavior of typical fabric-covered control
surfaces, This elevator was a particularly good
article for this study since a large number of
high-explosive tests had been conducted and
evaluated on this same type of surface, Fabric-
covered controls are still in general use and
are particularly susceptible to the thermal ef-
fects following the detonation of an atomic bomb
(see Figs. 2.8 and 2,23).

4. Vented and unvented cylinders and airfoils
were designed specifically for this test as an
initial attempt to derive a simplified, economi-
cal test article for use in qualitative investiga-
tion of the differential-pressure phenomena on
closed aircraft structures (see Fig, 2.9).

A review of data to be collected by other
organizations indicated that general engineering
and scientific data on the thermodynamic and
aerodynamic phenomena of the Easy Day atomic
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bomb burst were sufficient to meet the require-
ments of the USAF with two excepticns, A re-
quirement existed for the accurate measure-
ment of the overpressure vs time at each of the
four test sites, Also required was a determina-
tion of the angle of inclination of the blast front.
An interferometer-type instrument (Buck
gauge) was selected for the pressure-time
measurement and was positioned about the test
articles to give a pressure-field study,

The requirement for measuring the angle of
the blast front with the chord of the models
developed at such a late date that it was neces-
sary to use only the equipment that was readily
available, A high-speed motion-picture pro-
cedure was selected as most adaptable for each
test site, and a mechanical system was devised
in addition as a check at one of the most impor-
tant sites.

The probability of the destruction of aircraft
structures by the release of radiant energy due
to an atomic bomb became more realistic with
the opening discussions on the H-bomb. There-
fore the temperature survey conducted under
Project 8,2 was added at a later date as a
feasible way to initiate some measurements
from which the thermal problem could be more
clearly understood and from which practical
answers could be gained while theoretical
studies were in process. Temperature meas-
urements were made mainly by utilizing eutectic
metal alloys, This method of instrumentation
permitted the gathering of a large quantity of
data regarding the highest temperature experi-
enced by portions of aircraft structures of vari-
ous types under many conditions. Several
measurements of temperature rise - . time
were made on the metal skin of the models,
using fine-wire-type electrical-resistance
gauges and the magnetic-tape recording system.

2.2 SELECTION OF ISLAND TEST SITES

In general the number of specific test articles
and the repetition of tests at various ranges
were limited by the economics and logistics of
the situation, However, it was determined es-
sential that a minimum of four ranges or test
sites be established in order to derive suitalle
engineering data.

The selection of the range of the test articles
or test sites with respect to the center of the



blast was based entirely on the overpressures
as predicted for the estimated yield of the Easy
Day atomic bomb. However, in anticipation of
various errors in the theoretical knowledge of
effects on aircraft structures up to the date of
preparation for the Easy Day test and of the ef-
fect of terrain and in order to bracket the re-
quired data, identical test articles were placed
at four ranges on four island test sites (Table
2.1).

TABLE 2.1

and the fundamental data available prior to the
test are given in Table 2.2,

2.3 GENERAL LAYOUT OF TEST SITES

The anticipated primary obstacle to the
achievement of the objectives of the ground-
test program was the possibility of error being
introduced into the load and response measure-

TEST ARTICLES AND EQUIPMENT AT EACH

ISLAND TEST SITE

Test Articles and Equipment

Number on Each Site

Engebl Muzin Teiteir Bokon

Instrumented kit articles:
Rigid model
Structural model
Swept model

Uninstrumented test articles:
F-47 wing panel
F-80 fuselage section
B-17 elevator
Airfoil section
Cylinders

Test equipment for measuring
atomic bomb phenomena:
Interfei: ometer (Buck gauge)

Supersonic vane type
(angle of shock front)
Subsonic vane type
(angle of shock front)
Electronic chronograph
(angle of shock front)
Fastax camera system
(angle of shock front)

2 2 2 2
2 2 2
1 1 1 1
2 2 2 2
1 1 1 1
1 1 1 1
8 8 8 6
2 2 2 2
2 4 4 4
1

1

4
1 1 1 1

After the desired range for each group of test

articles was established, the specific islands
were selected, based primarily on range from
the shot tower and also on other prerequisites,
such as boat-landing conditions, availability of
electric power, and freedom from aerodynamic
interference from natural or manufactured ob-
jects, The abbreviated names of the four island
test sites selected as most nearly meeting these
requirements were Engebi, Muzin, Tejteir, and
Bokon, A list of Project 8.2 island test sites

=

ments owing to reflection and deflection of the
shock front caused by beach, ground, or tree
effects or change of the air-mass movement by
test articles of otlier projects in the immediate
area. Therefore every effort was extended to
prevent or alleviate troubles of this nature, The
array of test articles was located well forward
on the islands (with the exception of Engebi) but
at a great enough distance from the water’s
edge to minimize beach effect. Whenever it was
required, trees and other natural objects were




M 09 )0 2z18 quog-y P2301patd € uwo pageg,

S6°1 £L°1 09 911 SI°I 6°0 ¥i9°91 (d) nddereeuonog

SL°1 o%°1 £6 L SL1 S'1 000°21 (®) ryoondyaraya g

204 101 (11 ¢4 S¢ '8 2 be 8.8‘y (8) opreequrzngy

01 $6°0 016 b1 81 $'6 0z0‘p (3) 1q93ugy

e - %//
PLo9 105 3y gg 10p (d9s /1) (09s) Y109 103 3y gg a0y Gn [oquig pue nrm.-
PAleWNSY  paasasqq Anaojap Saponay jsa g Payeurnsy PasI38qQ  (jsang quoq dweN pueisy Fir
(a8) 80D Yyeaq JE Juory yooyg jo (18d) ~V o Juroq F—
Pajewinsy [eAl1ay 0 sang 0} 8310y [ ]
Iseyd aanrsoq S31on1y 189 jo ayg b= 4
JO uonjeanq duiod wouy SUILL e aanssaadiaag 199L) sy o
_ Posderg pajewnysy 3
L)
. J!Jff{{lf!.//.j roud zzame T —————— -
*VLVA JALLD3dSTH any SALS ISFL anvisy z'g L03droud 2z atavy




Bt et

Lo

removed from all sides of the target array to a
great enough distance to decrease possibilities
of disturbance of the shock wave,

An area 200 by 300 ft about the test articles
on all island test sites was stabilized with
asphalt, This served the dual function of pro-
tecting the instrumentation from sand and dust
prior to, and during, the atomic explosion and
permlitting ease of operation of the heavy erec-
tion equipment. To reduce the hazards to the
test articles and equipment due to impingement
of flying debris, all the ground area between the
target array o: each test site and the shot tower
was thoroughly cleaned of all debris (driftwood,
roots, and other foreign objects), Additional
stabilization of the dust and fine sand was per-
formed by spraying with an oil - salt-water
emulsion. Figures 1.8 and 1,10 are views of
Teiteir illustrating the preparation of the island
terrain for the test site. It can be seen that the
trees and brush were cleared from all sides of
the test site, The very dark areas, one immedi-
ately in front of the asphalt paving around the
test articles (the asphalt paving appears fairly
light in the photographs) and another along the
beach area, are the water-oil emulsion applied
just prior to shot day. These strips were oiled
to stabilize the deep fine sand which had been

- uncovered by grading. The area between the oil
strips was fairly well stabilized by the vegeta-
tion,

Only a very limited amount of theoretical or
empirical data was available and applicable at
the initiation of this project to determine the
heights above the ground at which it would be
necessary to support the rigid, structural, and
swept models to avoid ground interference and
the lateral separation distance that would be re-
quired between test items to avoid mutual jnter-
ference with the blast phenomena. Ten feet
above the ground was selected as a practical
height for the pylons to support the models. The
pylons for these models were required to be
extremely rigid, and therefore it was inadvis-
able to design the pylons to an increased height
above ground, Many advantages were gained by
arrangement of all the test articles of this
project into one group at each test site, Some
of the maj r advantages were economy and ease
in the erection of test articles, a more choice
selection of available terrain, and eage in the
maintenance of a clear path to the shot tower.
Because of the aerodynamic cleanliness of the

test articles and therefore the relatively smalil
disturbance of the blast wave, 20 ft was selected
as a practical distance to maintain between the
anchor bases (see Fig. 1.10),

2.4 DESCRIPTION OF TEST ARTICLES AND
MOUNTING STRUCTURES

The test apparatus being utilized on Project
8.2 included three types of wing models, rigid,
straight-structural, and swept-back-structural,
together with their instrumentation and record-
ing equipment; small vented and unvented air-
foils and cylinders; standard fighter fuselages
and wing panels; and both fabric- and metal-
covered control surfaces, Detailed descriptions
are given below,

2.4,1 Rigid-wing Models

The rigid-wing models were specifically de-
signed to determine the differential chordwise
pressure distribution and to measure lift, drag,
and moment forces. An NACA 65,-015 airfoil
(see Tablc 2.3) was used with a 5-ft span and a
2-ft chord, supported between pylons which
served as end plates for the flow (Fig. 1.1).

A wing of high rigidity was desired to reduce
distortion of the airfoil section and to have a
bending frequency high enough to be well sepa-
rated from the frequency of the forcing func-
tion, High rigidity was obtained by utilizing
cast nose and tail sections, Y;-in, -thick ribs,
and ¥,-in.-thick skin, all of aluminum alloy (see
Fig. 2.10). The section moment of inertia was
22.6 in.! for the rigid wing. The wing weigh- J
151.5 b, exclusive of the balance system.

The nose and tail sections of the model were
both large castings, cored for weight reduction,
Special cutters were employed to shape the
castings to obtain unifo.mity and adhere to
close clearances, Heavy 1-in,-thick spars were
fastened to the castings, and six ribs were :sed
to form an integral structure, The V-in, skin
was fastened to the ribs and the two castings in
order to add to the wing stiffness. The top skin
or panel was removable for access to the pres-
sure gauges contained in the model. The spars,
located at 25 and 60 per cent of the chord, 2x-
tended as a reduced section 7 in, beyond the
wing surface and were designed to attach to the
balance system inside the supporting pylon,
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The balance system was designed for the
measurement of the dynamic response of the
rigid wing to a forcing function with a frequency
below 10 ~ps. The system was designed to fa-
cilitate separation of the lift, drag, and moment

TABLE 2.3 AIRFOIL NACA 65,-015*

- X
X X Y Y
(% ©) (in.) (% C) (in.)

0 0 0 J
0.5 0.12 1.124 0.2698
0.75 0.18 1.356 0.3254
1.25 0.30 1.702 0.4085
2.50 0.60 2,324 0.5578
5.0 1.20 3.245 0.7788
1.5 1.80 3.959 0.8502
10.0 2.4 4,555 1,093
15.0 3.6 5.504 1,321
20.0 4.8 6.223 1.494
25.0 8.0 6.764 1.623
30.0 1.2 7.152 1.718
35.0 8.4 7.396 1,775
40.0 9.6 7.498 1.800
45.0 10.8 7.428 1,783
50.0 12.0 7.168 1.720
55.0 13.2 6.720 1.613
80.0 14.4 6.118 1.468
85.0 15.8 5,403 1,297
70,0 16.8 4,600 1,104
75.0 18.0 3.744 0.8986
80.0 19,2 2.858 0.6859
85.0 20.4 1.977 0,4745
90.0 21,6 1.144 0.2746
95,0 22,8 0.428 0.1027
100.0 24.0 0 0

* Leading edge radius = 1,505 per cent of
chord = 0,3612 where chord = 24 in,

reactions of the wing model (see Fig. 2.11).
The wide range of loads predicted at the sites
necessitated greater reduction of the spar ends
on four of the rigid models to provide strains
of measurable magnitude at the distant test
sites,
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The heavier spar ends were designed to have
linear response up to a static load of 2,250 Ib
lift and 200 lb drag for installation at 4,020 ft
{Engebi) and 6,878 ft (Muzin) from ground zero,
The lighter spar ends were designed to have
linear response for static loads up to 500 lb
lift and 50 1b drag for installation at 12,000 ft
(Teiteir) and 16,614 ft (Bokon).

2.4.2 Structural-wing Models

The structural-wing models were mounted as
cantilever wings (see Fig. 1.1) and were instru-
mented to obtain bending, shear, and torsion
stresses at three spanwise stations,

The models were designed in a two-spar con-
ventiona] sheet-stringer aluminum-alloy con-
figuration utilizing the sam2 NACA 65,-015 air-
foil section as the rigid-wing models discussed
previously, The two spars were located at 20
and 60 per cent of the chord and were formed
from 0.091-in, aluminum alloy,

The spars were riveted to machined alumi-
num channels (Figs. 2.12 and 2.13) that extended
7 in, into the supporting pylon, which in turn
fitted into a heavy steel root-fitting box. This
box was adjustable and enabled the wings to be
rotated to the 6° and 9° positions used in the
test,

The structural-wing models had a constant
chord and thickness, with a span of 84 in, and a
chord of 24 in. The ribs were spaced 12 in,
apart and were formed from 0.051-in, alumi-
num sheet. The trailing edge was milled from
bar stock, and the skin was flush-riveted to it
to retain an airfoil shape of close tolerance.
The wing tip was formed from a single sheet of
0.051-in, aluminum-sheet stock. The section
moment of inertia was 4.09 in.* for this wing.

A skin thickness of 0,051 in. was used to
withstand crushing at an overpressure of 10 psi.
This heavy skin resulted in a wing that was
very stiff in bending; consequently lead weights
were incorporated in the wing to reduce the
first bending frequency to approximately 4,2
cps. These lead weights (see Fig. 2.14) were
placed between the spars and grouped in three
concentrated masses of 70, 70, and 150 Ib at
distances of 19, 43, and 73 in,, respectiveiy,
from the root, as shown in Figs. 2.15 and 2.16,
With the lead masses installed, the first bend-
ing frequency was approximately 4.3 cps, the
second bending frequency was approximately 33
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cps, and the first torsion frequency was ap-
proximately 49 cps. The total weight of the wing
was approximately 338 lb, including the 290 1b
of lead masses,

The skin in the nose section and on the upper
surface was removable to afford access to the
interior of the wing. The remainder of the skin
and the wing tip were flush-riveted to the spars
and ribs,

2.4.3 Supporting Structure for Rigid- and
Structural-wing Models

The supporting structures for the rigid- and
the straight-structural-wing models were given
the name “pylons.” The pylons were required
to be very rigid in order to minimize any feed-
back from the deflection of one wing model to
another. Since two rigid and two structural
wings were to be installed at each site in order
to provide complementary data at two different
specified angles of attack, it was decided to
mount the wings in a group of four, placed end-
to-end spanwise and supported by three equally
spaced pylons, each of which supported two
wing ends, The rigid wings were mounted in the
the middle with a vertical stagger in order that
the balance mechanisms could be enclosed
within the pylons. The pylons also acted as
eand plates on the rigid wings. The structural
wings were mounted as cantilevers on the outer
pylons. Removable access panels were utilized
to provide a means for installing the wing mod-
els and instrumentation leads., The composite
installation of structural and rigid wings is
shown in Fig. 1.1. The pylons were designed
with three vertical steel columns (BWF34)
covered with ¥;-in.-thick steel plate. The lead-
ing and trailing edges were fabricated with
aluminum-alloy sheet and ribs. The moment of
inertia was 1,434 in.* for the pylons. Steel tie
rods were employed to further increase the
stiffness of the pylons.

2.4.4 Reinforced-concrete Base for Rigid- and
Structural-wing Models

A reinforced-concrete base was poured at
each of the four island test sites to anchor and
support the pylons. Two concrete deadmen were
poured to anchor the outer tie rods. The main
concrete base had a rectangular planform
measuring 14 ft laterally, 10 1t longitudinally,
and 3 ft In depth. The concrete mass was the

same for the two nearest sites, and the dimen-
sions were slightly reduced at the two distant
stations, Forty-two %;-in. J-bolts, with the hooks
under the lower reinforcing rods, were set in
the concrete in a pattern to match the mounting
holes in the bottom flanges of the pylons.

2.4.5 Swept-wing Models

The swept-wing models were designed sinu-
larly to the structural-wing models but with in-
creased length and a 35° sweepback. The swept-
wing models were mounted at an 8’/“’ angle of
incidence as cantilever wings (Fig. 1.3) and
were instrumented to obtain bending, shear, and
torsion stresses at three spanwise stations, as
were the structural-wing models.

The construction of the swept wing was
similar to that of the structural model, having
the same section properties except for the two
inboard bays. These two bays were heavily re-
inforced, and the root bay was cut to give the
wing a 35° angle of sweepback. The root-fitting
box was redesigned to allow for the sweepback
but followed the same general design as in the
structural model.

The swept-wing model used the same NACA
85,-015 airfoil with a 24-in. constant chord.
The ribs and wing tip were placed perpendicular
to the leading edge for ease of fabrication. The
rib spacing was 12 in., and the two spars were
located at 20 and 80 per cent of the chord, The
spars were formed from 0.091-in, aluminum
alloy.

The effective span of the swept wing and
structural wing in the air stream was the same.
Owing to the two added bays, however, the
swept wing required the addition of fewer
weights to reduce the stif{ness to a desired
value. The lead weights were grouped in three
concentrated masses of 45, 45, and 90 1b at
respective distances of 24%,, 48%}, and 917 in.
from the root (Fig. 2.17) measured along the
front spar. This addition of weight lowered the
first bending frequency to approximately 3.8
cps and the second bending {requency to
approximately 37.3 cps. The total weight of the
wing was 250 1b.

2.4.6 Bupporting Structure for Swept-wing
Models

The requirements for a rigid supporting
structure also existed for the swept-wing
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models. At each site a single swept wing was
mounted as a cantilever 10 ft above the grade
level on a steel pylon similar to those previ-
ously described in Sec. 2.4.3. Cylindrical com-
bination tension-compression struts were em-
ploved on the side opposite the wing model to
provide additional rigidity. No tie rods were
used on the swept-wing pylon,

2.4.7 Reinforced-concrete Base for Swept-
wing Models

A reinforced-concrete base was poured for
each of the four swept-wing installations to
anchor and support the pylon-and-wing assem-
bly. The rectangular planform of the base
measured 14 ft laterally and 10 ft longitudinally.
The depth of the concrete varied from 3 ft thick
at the nearest test site to 1 [t thick at the far-
thest test site. Two steel wide-flange beams
(BWF87) were fastened to the top of the con-
crete with %;-in. J-bolts hooked under the lower
reinforcing rods within the concrete. The steel
beams extended the entire width of the base and
were utilized to distribute the loads into the
concrete and also to maintain the high rigidity
requirements for the supporting structure. The
steel pylon and the cylindrical side bracing
struts were bolted to the steel beams. The
mounted wing-and-pylon assembly is shown in
Fig. 1.3.

2.4.8 Small Airfolls

In order to observe the effectiveness of per-
forations in relieving the crushing effect of the
pressure differential to which aircraft struc-
tures are subjected in the region of an atomic
bomb burst, six small airfoils were installed at
each of the four ranges. These airfoils were
mounted as vertical cantilevers on top of the
horizontal steel beams on which other test
equipment was mounted. The six airfoils of
36-in, span and 18-in. chord located at each
site consisted of three pairs with varying
amounts of venting, one model of each pair
being at 0° angle of incidence and the other
member of the pair being at 22',° angle of in-
cidence. One pair was unvented; the second pair
was vented with three rows of %;-in.-diameter
holes, eight holes to the row, making the total
open area in the upper and lower surfaces of

each of this pair 2.36 sq in.; and the third pair
was vented with the same number and arrange-
ment of ‘,"z-in. -diameter holes, making the total
open area of each of this pair 9.44 sq in, The
ratios of vented area to internal volume were 0,
20.3 x 1074, and 81.9 x 107%, The system of
venting details of the small airfoils and the
method of mounting are shown in Figs. 2.5, 2,9,
2.18, and 2.19,

2.4.9 Small Cylinders

Similar observations were made of the effects
of the differential pressures of the blast on
small cylinders, both vented and unvented.
These cylinders were fabricated of 0.051-in,-
thick aluminum alloy. One pair of the cylinders
was mounted at each test site, The vented
cylinder was perforated with four axial rows of
Y,-in.-diameter holes, four holes to the row,
giving a total open area of 3,14 sq in. for an
enclosed volume of 2,040 cu in. The ratio of
vented area to volume was 15.4 x 1074, Installa-
tion and details of the vented and unvented cyl-
inders are shown in Figs. 1.8, 2.9, and 2,20.

2.4.10 Fighter Fuselage

Qualitative observations were made of the
effects of the exposure of a conventional {ighter
fuselage section to thermal and nuclear radia-
tion and blast pressures in the vicinity of an
atomic bomb burst. The primary object of
interest was the effect of the overpressures, to-
gether with thermal effects on the pressurized
cockpit section and its transparent enclosure.
The test articles selected were the joined nose
and midsections of the F-80 aircraft. One fuse-
lage section was installed at each of the four
test sites. The fuselage was mounted horizon-
tally on structural steel supports which were
attached to heavy steel beams anchored to a
reinforced-concrete base., The canopy was
closed and locked, but the seals were not in-
flated. The tail section and the wings were not
included in the installation, The noses of these
fuselages contained a conventional radar dome
consisting of cross-banded glass fabric lami-
nated with polyester resin, The resin incorpo-
rated sufficient carbon to give the proper elec-
trical properties, which in turn made the dome
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black in appearance. The test setup is shown in
Figs. 2.2, 2,21, and 2.22.

2.4,11 Fighter Wing Panels

Eight outer wing panels of fighter aircraft
were exposed in pairs at each of the four
ranges, The wings were standard stock items
for the F-47 aircraft, The wings were mounted
at the normal dihedral angle plus 90°, so that
the installed position was nearly vertical, One
of each pair of wing panels was vented inter-
nally in such a manner that pressure differ-
entials were minimized within the wing, Wing
guns were not installed, but the blast tubes
were open on the leading edge. The wings were
rigidly attached by means of steel brackets to
heavy steel beams anchored to a reinforced-
concrete base (Fig, 2.5). The rectangular sur-
face o’ the base measured 186 ft laterally and
10 ft longitudinally, with the thickness varying
(according to range) from 4 to 2%, ft.

2.4.12 Airplane Control Surfaces

The effects of differential pressure due to an
atomic bomb blast were observed on aircraft
control surfaces, which are relatively {ragile
sections compared to the main structure of the
aircraft. Both fabric-covered and metal-
covered surfaces were exposed. The fabric-
covered surfaces were B-17 elevators mounted
vertically on tubular steel supports which were
bolted to heavy steel beams anchored to a rein-
forced-concrete base (Figs. 2.23 to 2.27). The
elevator consisted of an aluminum-alloy struc-
ture covered with aircraft fabric and doped with
a silver finish, The part used was a standard
B-17 elevator issued from Air Force stock.
The metal-covered control surfaces consisted
of standard Air Force stock ailerons and flaps
mounted in 2 normal flight attitude (0°) on the
trailing edges of the F-47 wing panels discussed
in S8ec. 2.4.11. Both the metal-covered and
fabric-covered control surfaces were oriented
parallel to the direction of blast propagation in
order that any damage sustained would be due
to differential-pressure crushing and not to
side-on loading. The B-17 fabric-covered ele-
vator was somewhat shielded from the high-
temperature thermal radiation by the 6%-in,-
diameter supporting tube, as may be noted in
Fig. 2.23,

2.5 APPARATUS AND INSTALLATION FOR
MEASURING BLAST PHENOMENA

Although the original assumption was that the
blast front (shock wave) would be practically
vertical at the 10-ft elevation where the wing
models were installed, it was later decided to
attempt to measure the actual anzle of attack.
Owing to the time schedule, only existing
available equipment could be considered for
measuring the angle of attack, Three methods
were used to measure this portion of the blast
phenomena, These are described separatelv in
subsequent paragraphs, A pressure-time survev
was also made utilizing equipment that had been
dceigned and used previously on other blast
surveys.

2.5.1 Vane-type Angle-of-attack Indicators

Two types of vane-operated angle-of -attack
indicators were chosen to measure the angle of
attack of the air mass behind the shock front.
The first choice, installed at the Engebi site,
utilized a split triangular vane mounted on a
conical body containing the pivot point for the
vane and the unbonded strain-gauge sensing
element (see Fig. 1.20). This instrument, which
was fabricated by Statham Laboratories, per-
mits a minimum mass for the vane and has
been tested for accuracy of response under
supersonic conditions, The second choice, ex-
pedient because additional instruments of the
first type were not available, consisted of a
vane mounted at the rear of a slender body,
pivoted at the center of mass (see Fig. 1.22), It
is referred to as a “weather-vane-type angle-
of -attack indicator.” The pivot point, the cam
movement, and beam on which strain gauges
were bonded were contained in a cylindrical
body with an elliptical nose, This instrument
was installed at the Muzin site, Because of the
relatively large mass of this instrument, its
response to dynamic conditions is poor, The
vanes or small wings of the split-triangular-
vane instruments were restricted from flapping
and were held in a position of 0° angle of attack
by the installation of a fiberboard card which
was easily removed by the {irst touch of the
shock front. This improvisation was necessary
to reduce the lag tendency and undesirable
oscillations on first encounter with the high-
velocity air. This temporary addition was
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brought about by the late introduction of an in-
strument designed primarily for the measure-
ment of the change in angle of attack while

operating in a continuously moving air stream.

Although two different types of vane-type
angle-of -attack indicators were utilized, one on
Engebi and one on Muzin, their installations
were similar, They were supported 65 in.
above the ground by an arrangement of steel
tubing welded to the large forward strut of the
swept-wing pylon. Figures 1,21 and 1,23 illus-
trate the installation of the angle-of -attack
indicators.

A third choice of angle-of-attack indicators
was not employed because sufficient time was
not available to design and complete the instal-
lation. However, this method will be described
because of its inherently greater accuracy and
its applicability to future tests of this nature,
This method would consist in the fabrication of
wedges in which differential-pressure gauges of
the type used in the rigid wing would be in-
stalled, with orifices on opposite surfaces of the
wedge. An arrangement of any number of these
wedges at various angles of incidence over the
expected range of angles would produce an
equal number of data points at each interval of
time, which would be plotted to indicate the
angle of attack. By this method the frequency
response is as high as the response of the
pressure-sensing instruments, The multiple
installation eliminates the necessity of correct-
ing for air-mass velocity,

2.5.2 Optical-type Angle-of-attack Indicator
{Fastax Camera)

An attempt was made to measure the angle of
attack of the shock front in the vicinity of the
aerodynamic and structural models located at
the four selected islands, Because of an ex-
pected abrupt change of air preasure in the
shock {front, an attempt was made to use the
principle of refraction to record an apparent
discontinuity or break in a grid which was
placed in the camera field, This phenomenon
was photographed during a 10,000-1b high-
explosive blast on 27 October 1950, at the
Aberdeen Proving Grourd, As shown in Fig,
2.28, at A and B there is a distinct discontinuity
or break in ropes suspended in the camera
field, which depicts the shock front. To photo-
graph the shock front during the E-day bomb
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test, a high-speed Fastax motion-picture cam-
era with a 35-mm lens was used. The Fastax
camera was operated at 2,000 frames per sec-
ond, A protective canister for each camera
was fabricated as shown in Fig. 2,29 for pro-
tection against the elements and possible flying
debris. A sheet of plexiglas, covering the exit
pupil of the canister, was automatically dropped
out of the way before the camera started. On
Engebi and Muzin the film was protected from
radiation by placing lead bricks around the
sides and over the top of the camera canister.
On Engebi the lead bricks were stacked to form
walls 8 in, thick on the end facing the shot
tower, 8 in, thick on the top and the sides, and
4 in, thick on the end away from the tower. On
Muzin the wall thickness was 6 in, on the end
facing the shct tower and 4 in. on the top, sides,
and the end away from the tower, Timing marks
were placed on the film at ¥,-sec intervals by
the use of normal 80-cycle 110-v current sup-
plied to the camera, A grid in the camera field
was placed in front of the test articles or be-
tween the test articles and ground zero. The
grid was constructed by suspending 1-in,-diam-
eter 10-1t lengths of pipe on four cables as
shown in Fig. 2.30. The four cables were
mounted with a 1-to-3 slope from the ground to
a B-17 elevator support and on a line which
would project to ground zero. One pipe was
plumbed and mounted at the midpoint of the
sloping pipes, to be used as a vertical refer-
ence line, Two ping-pong balls were suspended
between each of the grid pipes to give an addi-
tional indication of the passage of shock front
and air movement,

Information was obtained previous to the
atomic test that artificial lights would be re-
quired to light the target or grid on all test
sites. This was accomplished by mounting two
banks of high-intensity lights slightly below
ground level, One bank consisted of six lights,
the other of five, These 750-w lights were
mounted and aimed as shown in Fig. 2.31.,

Owing to the short running time of the camera
at the desired speed, the starting time had to be
carefully controlled, This was accomplished by
using the —1 sec signal provided to start se-
lected delay timers, which in turn, through a
central control (see Figs. 1,10 and 2,33), started
the Fastax camera 1.5 sec before the expected
time of arrival of the shock front, In addition
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to the above, the delay timers turned on the
lights prior to camera starting time and turned
off the camera and lights after the film was
expended,

The location of camera and grid with respect
to test articles is shown in Fig, 1,10, The
angle-of-attack camera was mounted partly be-
low ground to minimize possible bomb damage
and was mounted at an angle so that the top of
the picture frame was parallel with the grid
which, as stated above, was set up with a slope
of 3 to 1. The camera was mounted perpendicu-
lar, 44Y% ft from the grid and 5 ft in front of the
leading edge of the test articles. The two banks
of lights used to illuminate the grid were
mounted on 3 line between the grid and camera
and approximately 24 in. from the grid.

2,5.3 Electronic-chronograph Method of
Determining Angle of Attack

Owing to the possibility of irregular and un-
known i{llumination adversely affecting the opti-
cal (photographic) method of angle-of-attack
determination, it was decidet to attempt to de-
vise an additional method of making this meas-
urement, It was necessary, because of the time
limitation, to utilize available equipment for the
supplemental method of angle-of-attack deter-
mination, The system selected incorporated
mechanical diaphragm-type blast switches to
trigger high-apeed electronic counters to meas-
ure time differentials over a known geometric
space pattern., A suitable electronic chrono-
graph was found in the Potter Instrument Co.
model 450, with slight modifications to provide
for remote operation and to extend the total-
count range. Since the electronic counters have
no “memory,” it was necessary to improvise a
means of recording the indicated count prior to
loss of electrical power to the system. A Speed
Graphic still camera was employed to record
the total count automatically.

The site on Muzin (6,878 ft from ground zero)
was selected for the installation of this equip-
ment, Four counters were in satisfactory work-
ing order just prior to E-day. The space pat-
tern was established so that a single blast
switch would start all the counters simultane-
ously, and four blast switches mounted on a
vertical pole 38 ft downwind from the starting
switch would stop individual counters. The
starting switch was located 10 ft above the

ground, The stopping switches were located at
4, 10, 13, and 19 ft above the grade level. The
installation of the common starting switch 1s
shown in Fig. 2.33; the installation of the ind1-
vidual stopping switches is shown in Fig. 2.34.
The two switches at the 10-ft elevation fur-
nished the velocity component, The blast
switches were set to trigger the counters at an
overpressure of 1.8 in, of water (0.09 psi). This
differential was considered necessary to pre-
vent premature contact and triggering due to
the prevailing climatic winds (up to 20 and 30
knots). (The predicted blast overpressure for
this site was 4.2 psi.’ Sincc continuous power
could not be guaranteed from the central station
following the detonation of the bomb, the power
required for operation of the electronic count-
ers, relays, and the two delay timers was ob-
tained from a 25-kw 60-cycle 117-v portable
generator (see Fig. 2.37), One delay timer was
utilized to reset the electronic counters to zero
just prior to shot time, and the other timer was
set to trip the camera shutter after the blast
wave had passed the test site. Time signals
were furnished from a central control to oper-
ate relays on the site at —30 min, -5 sec, and
—1 sec, The —30 min signal was used to turn on
the electronic counters for warmup. The —§ sec
signal triggered the delay timer for automati-
cally resetting the counters to zero, and the —1
sec signal tripped the delay timer that con~
trolled the camera-shutter solenoid. Trigger-
ing voltages for the electronic counters and for
the camera solenoid were from dry-cell batter-
ies. The electronic counters, signal relays,
delay timers, and 8peed Graphic camera were
housed in the reinforced-concrete instrument
room provided primarily for other instrumen-
tation., Figure 2,35 shows the arrangement of
the electronic counters as viewed from the
recording-camera position (see also Fig. 2.36).
The circuit diagram for automatic operation of
the electronic-chronograph angle-ai-attack sys-
tem is shown in Fig, 2.37.

2.5.4 Overpressure Variation with Time:
Measuring Apparatus and Installation

Interferometer-type pressure-time gauges,
frequently termed “Buck gauges,” were utilized
to measure the actual overpressures acting on
the test articles of this project. This gauge is
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of comparatively new design, utilizing a modi-
fied 35-mm Fastax high-speed camera to
record the interference fringes produced by
pressure acting on a thin, circulur, optically
plane fused-quartz diaphragm attached to a
fixed, heavier, slightly concave, and partly
mirrored quartz backing plate; the similar
area on the thin diaphragm is completely re-
flecting. A monochromatic light (5,461 A) is
contained within the instrument and is directed
through the backing plate to produce interfer-
ence rings over the mirrored area. The general
arrangement of the interferometer head is
shown in Fig. 2.38.

The circular interference fringes are viewed
by the camera through a slit, giving the appear-
ance of a transverse series of light and dark
spots, the exact displacement being a function of
the pressure acting on the diaphragm. In nor-
mal operation the film is set in motion at 2 high
rate of speed, and the spots are recorded as a
series of lines (no camera shutter). As the
pressure on the diaphragm is varied, the lines
(spots) move laterally on the film. The total
number of lines observed on the {ilm at any
instant, subtracted from the total number of
lines observed with only atmospheric pressure
acting on the diaphragm, is proportional to the
pressure at that time, The time base was sup-
plied by a 500-cps crystal-controlled oscillator
used in conjunction with a small argon lamp to

produce known-frequency timing marks along
the edge of the film, Power for all phases of
the gauge operation was supplied from dry-cell
batteries. Thus the unit was entirely self-suffi-
cient, Delay-timer devices were necessary to
actuate the gauges at the proper interval after
the bomb detonation to record the arrival of the
blast front and the history of the subsequent
pressure variation. A total of 14 interferometer
gauges was installed to make a pressure survey
for Project 8,2, Bracketing of the individual
test sites was accomplished bv installing inter-
ferometer gauges in front of and behind the test
installation, except at Engebi where only the two
forward gauges were installed. These were dis-
placed laterally at the forward edge of the site.
Since the bracketing was very close compared
to the range from the shot tower, pressure
variations between gauges were expected to be
small, and hence the malfunctioning of a gauge
would not result in a complete loss of data at
the test site since a weighted average could be
used to compensate for the loss of results from
a single gauge. All gauges were installed so
that the quartz diaphragms were at the ground
level, and the remainder of the gauge was en-
closed in a steel box below the ground line,
Lead bricks were used around the steel boxes
to protect the film from radiation at the nearest
test site. The locations of the individual gauges
at each test site are shown in Fig, 2.39.
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Chapter 3

Instrumentation of Test Articles

3.1 GENERAL PROBLEM OF INSTRUMEN-
TATION

In the original planning for this project the
instrumentation problem consisted in the selec-
tion of measuring elements and an automatic
recording system for recording the data meas-
ured by the elements. It was evident at the in-
itiation of this project that approximately fifty
assorted types of measurements would be re-
quired at each test site, A partial listing of the
quantities measured is shown in Table 3.1,

The operational details included a number of
abnormal requirements for the instrumentation.
It was determined that the recording system
and other elements of the instrumentation would
need to be installed in a partially buried instru-
ment house to the rear of the test articles. The
sensing element or measuring device would
have to be installed in the test articles, and in-
formation measured therefrom would have to
be transmitted over a distance of approximately
80 ft to the instrument house. The entire in-
strumentation system had to operate automati-
cally approximately 24 hr after the evacuation
of all personnel. Thus it was necessary to pro-
vide a simple and reliable system that would
energize all the elements of the instrumenta-
tion, initiate the recording cycle, and terminate
at the conclusion of the record.

The necessity of maintaining and operating
the instrumentation under very severe field
conditions further emphasized simplicity, not
only of each item of equipment but of the over-
all instrumentation plan as far as possible,
Because of the geographic location of the test,
it was necessary that the equipment be de-
signed to operate at high temperatures, under
environmental conditions of high humidity, and
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in the presence of severe corrosive media and
fungi. In the selection of the instrumentation
for this test it was necessary to consider very
ca~efully the ability of the instruments to sense
and record, in a very brief time interval, the
required data while being subjected to both
severe shock and vibration. This was ex-
tremely important because of the nature of the
shock and the fact that the shock effects on the
equipment were likely to obscure the data at
precisely the critical time.

All these requirements led to the selection
and development of a basically electronic
measuring and recording system.

3.2 RECORDING SYSTEM

The selection of the appropriate technique of
recording for this project required considerable
research. Initial advice indicated that the
present standard method of recording, by
means of bifilar-type galvanometers, would not
give satisfactory service owing to the severe
shock conditions. It was therefore necessary to
select a recorder which was inherently im-
pervious to shock. An expedient selection in
this regard was the magnetic-tape recorder. A
prototype of such a recorder had been recently
completed by the Webster-Chicago Corp., and
preliminary tests indicated several desirable
features applicable to this project. Sume of
these features included sufficiently fast re-
sponse characteristics, satisfactory operation
with resistance-type sensing instruments, and
good performance under adverse climatic con-
ditions., Furthermore this type of recording
system already had been selected and its pro-
curement had been initiated for Project 8.1 and
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TABLE 3.1 NUMBERING CODE AND DESCRIPTION OF THE QUANTITIES
MEASURED BY EACH INSTRUMENT CHANNEL®*

Quantity

Location Number Measured
Left-hand structural wing, Series -01:
Station 1,1 outboard 1 Bending
Station 1, outboard 2 Torsion
Station 1, outboard 3 Shear
Station 2, intermediate 4 Bending
Station 2, intermediate 5 Torsion
Station 2, intermediate 8 Shear
Station 3, inboard 7 Bending
Station 3, inboard 8 Torsion
Station 3, inboard 9 Shear
Left-hand rigid wing, Series ~02:
Strain measurement on spar 10 Drag
extension
Strain measurement on spar 11 Lift
extension
Strain measurement on spar 12 Moment
extension
5% chord 13 Differential pressure
10% chord 14 Differential pressure
15% chord 15 Differential pressure
20% chord 16 Differential pressure
40% chord 17 Differential pressure
80% chord 18 Differential pressure
Right-hand rigid wing, Series -03:
5% chord 19 Differential pressure
10% chord 20 Differential pressure
15% chord 21 Differential pressure
20% chord 22 Differential pressure
40% chord 23 Ditferential pressure
80% chord 24 Differential pressure
Strain measurement on spar 25 Drag
extension
Strain measurement on spar 26 Lift
extension
Strain measurement on spar 27 Moment
extension
Right-hand structural wing, Series -04:
Station 4, inboard 2¢ Bending
Station 4, inboard 29 Torsion
Station 4, inboard 30 Shear
Station 5, intermediate 31 Bending
Station 5, intermediate 32 Torsion
Station §, intermediate 33 Shear
Station 8, outboard M Bending
Btation 8, outboard 35 Torsion

20

SRR,
UNCLASSIFIED




TR

l‘ .
b“\rha.\.”,,; Psd

Location

TARLE 3.1 (Continued)

Quantity

Station 6, outboard

Station 10,1 front spar web
Station 11, inside skin surface
Station 12, outside skin surface

Swept wing, Series -05:
Station 7, inboard
Station 7, inboard
Station 7, inboard
Station 8, intermediate
Station 8, intermediate
Station 8, intermediate
Station 9, outboard
Station 9, outboard
Station 9, outboard

Front swept-wing-pylon
cylindrical strut

Number Measured
36 Shear
31 Temperature
38 Temperature
39 Temperature
40 Bending
41 Torsion
42 Shear
43 Bending
44 Torsion
45 Shear
468 Bending
47 Torsion
48 Shear
41A§ Angle of incidence to

the ground of high-
velocity air fol-
lowing blast wave

*Number code and description were identical for each of the four test sites.
t Stations 1 to 8 are the spanwise stations for the structural and swept

wings (Figs. 2.15 to 2.17).

1 For stations 10 to 12, the locations of the temperature gauges are shown

on Figs, 2,16, 3.9, and 3.10,

§ Installed only on Engebi and Muzin (Figs. 1.20 to 1.23).

Program 3. The procurement of this type of
instrumentation therefore offered many logistic
and operational advantages. Ten recorders,
two for each test site and two spares, were
procured from the Webster-Chicago Corp. and
were used as the recording system for Project
8.2.

The magnetic-tape recording system operates
on a phase-modulation principle. A 3,750-cps
signal is impressed on a Wheatstone bridge
sensing element, and the output signal is added
to a voltage at quadrature to produce a signal
which is shifted in phase with respect to a
7,500-cps reference signal. These signals are
combined and then recorded as a single im-
pression on magnetic tape to obtain one chan-
nel of data. There are 34 such channels on
each magnetic tape used in this system.

Physically the recorder consists of the two
units shown in Fig. 1.14. The first of these is
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the amplifier unit, which contains the indi-
vidual gauge circuits with the necessary con-
trols for balancing and adjusting each circuit,
The second unit is the recorder, which con-
sists of a tape-transport mechanism, power
supply, and control circuits.

The amplifier consists of the gauge-power-
source generators and power components com-
mon to all channels, together with 24 separate
plug-in amplifiers. These plug-in amplifiers
are identical. They are standard amplifiers
which provide a linear output response to fre-
quencies {rom 0 to 500 cps. Controls are pro-
vided on the front surface of all amplifier units
for resistance and capacitance balancing. This
permits adjustment for variation in gauges and
connecting circuits,

The recorder contains the power and start-
ing circuits, along with the tape-transport
mechanism. The tape is made of a plastic,
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coated on one surface with ferric oxide. The
tape is contained on a reel and is driven past
the recording heads at a speed of approximately
24 in./sec. An automatic timer switch is pro-
vided to shut off the recorder at the end of a
preset period of time. A centrifugal switch is
provided which will turn off the recorder when
the tape has been completely exhausted on the
supply spool. Two means of starting the re-
corder are provided. By means of one recep-
tacle, initiation of the recording cycle is
accomplished by shorting two pins; through the
other receptacle, the cycle is initiated by 24-v
direct current applied from an external source.

The records obtained at the time of specific
measurement, as discussed earlier, are in the
form of an invisible magnetic orientation on the
plastic tape. A two-channel reproducing system
was used for transcribing the magnetic ir:pree-
sions on the tape into a visual presentation.

The tape is transported through a recording
head assembly similar to those in the recorder.
In this head assembly the magnetic impressiuons
are reproduced as electrical signals equivalent
to the original signals used to form the impres-
sion. Two of the reproduced signals are se-
lected for visual presentation and are trans-
formed by amplifiers into output signals which
are linear functions of the unbalance of the
original Wheatstone bridge sensing element.
These output signals are applied either to an
oscillographic recorder employing bifilar-type
galvanometers or to a chart recorder of the
direct-inking type, thereby presenting visually
the measured quantity as a function of time,
The recorder was designed to have a linear
signal output through the visual reproducing
system up to approximately 140 per cent of a
known reference signal, defined as the “cali-
brate” signal, For a typical gauge installation
for the measurement of the bending moment,
the 140 per cent signal level occurred in the
region of the elastic limit of 24 ST aluminum
alloy. The output of other gauge installations
also produced a linear signal output to at least
140 per cent of the calibrate signal.

3.3 SELECTION OF SENSING ELEMENTS
FOR WING MODELS

Strain gauges used on the test articles to
measure lift, drag, moment, bending, shear,
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and torsion loads were Bald#in-Southwark
AX-5, A-7, and A-13 gauges, having a nominal
resistance of 120 or 350 chms, These gauges
were selected because they are small and ther-
mally stable and because they were known from
previous experience to be very reliable, It was
known from Operation Sandstone that the cli-
matic conditions at the test site would have an
adverse effect on strain gauges that were not
given a protective coating. A contract was
awarded to Purdue University to investigate
comme: cial strain-gauge adhgsive and pro-
tective coatings under conditions of high tem-
perature, high humidity, and salt spray. From
the tests conducted by Purdue University it was
determined that gauge applications using Gen-
eral Radio Co. cement with a protective coat-
ing of Petrosene wax would endure the condi-
tions of high temperature, high humidity, and
salt spray better than applications using the
other combinations of adhesives and protective
coatings which were tested. All strain gauges
installed in the test articles were applied and
protected with these materials. The function
and location of the various strain-gauge bridge
circuits for each wing model are described in
Sec. 3.4.

An extensive search was made for pressure
transducers adequate to measure the differ-
ential-pressure distribution over the rigid-wing
models. It was originally intended to use
resistance-bridge-type sensing elements with
resistance unbalance directly proportional to
the imposed pressures and with negligible re-
actance unbalance so that complicated phase-
shift problems would not exist when the sensing
elements were employed with a phase-sensitive
recording system. Several prototypes of such
resistance-bridge sensing elements were con-
structed and submitted for test by leading in-
strument manufacturers. None of these proto-
types satisfied all test requirements before the
deadline date for awarding a production con-
tract. Under these circumstances a pressure-
sensing element employing a variable-reluc-
tance principle, necessitating the use of an
electrical coupling unlt, was selected after
being submitted for test by the Wiancko Engi-
neering Company, Altadena, Calif. These
transducers were of the differential type capa-
ble of measuring pressure differentials to
10 psi. The response to pressure was linear
within 43 per cent up to 500 cps, with a maxi-




mum rise time of 0.7 msec to 90 per cent of
the full-scale output. The coupling unit was re-
quired to eliminate objectional phase variation
from the transducers, to complete the bridge of
which half was the transducer, and to match the
impedance of this bridge to the standard gauge
amplifier.

3.4 INSTRUMENTATION OF WING MODELS

3.4.1 Structural- and Swept-wing Instrumen-
tation

The instrumentation for the structural- and
swept-wing types was almost identical. ihree
spanwise stations were chosen on each model.
The structural-wing spanwise stations were
located at 15Y;, 39%,, and 63%, in. from the root,
and the swept-wing spanwise stations were lo-
cated at approximately 12, 35, and 71 in. from
the root, as measured along the 50 per cent
line. For ease in identification these stations
will be frequently referred to as “inboard,”
“intermediate,” and “outboard.”

Strain gauges were instalied at each station
to measure bending moment, torsion, and
tr .nsverse shear. All strain gauges were in-
stalled on the front and rear spars since, by
design, these were the primary load-carrying
members for both wings. The strain-gauge
arrangement on the wing spars was similar for
all stations on both the structural and the swept
wings. Three types of strain gauges were em-
ployed: the Baldwin-Southwark A-13, 300-ohm;
AX-5, 120-ohm; and A-7, 120-ohm gauges. The
last two types of gauges were used to produce
low-resistance bridges for greater sensitivity
where the test loads were expected to be small.

Figure 3.1 is a pictorial sketch of a typical
instrumented station. As shown in this sketch,
gauges A to D were located on the inside sur-
face of the front and rear spar caps to measure
bending. Gauges E to H and E’ to H’ were lo-
cated on the spar webs to measure torsion.
Gauges I to L and I’ to L’ were located on the
spar webs to measure transverse shear., The
gauges ider.tified by the prime notation are not
labeled on Fig. 3.1 but are the corresponding
phantom gauges on the opposite side of the spar
web from the gauges identified without the
prime notation. The eight-gauge bridge with
gauges on both sides of the spar webs, as used
for the torsion and shear channels, was installed
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to eliminate spurious signals caused by local
buckhing. Figure 3.2 shows the schematic wir-
ing diagram for the bending, torsion, and shear
channels. Figures 2.15 to 2.17 present the over-
all physical and electrical layout and numbering
code for the structural and swept wings.

3.4.2 Rigid-wing-mode!l Instrumentation

The total lift, drag, and moment forces acting
on the rigid wings were measured by an integral
weighing system utilizing strain gauges mounted
on the wing-spar extensions. The wing-spar
extensions were attached to a balance system
(Fig. 2.11) designed to eliminate restraint
against rotation at the front spar and to furnish
pin-ended supports at each end of the four
spars to provide reaction against chordwise
and normal force components. With this sys-
tem the normal force component was measured
as the output signal provided by a Wheatstone
bridge composed of four A-13 gauges mounted
to measure the strain at the top and bottom of
the front spar extensions at the points of maxi-
mum stress. Inasmuch as the rear spar ex-
tensions comprised the only restraint against
rotation of the rigid wing about an axis through
the center of the front spar, the bridge vom-
posed of the gauges on the rear spar extensions
provided an output signal proportional to the
moment about this axis. The chordwise force
component was measured by the output signal
of a similar gauge installation on the front and
rear surfaces of the front spar extensions. Al-
though the rear spar also provided restraint
against chordwise force components, the strain
resulting in the front spar extensions provided
a linear output signal accurately proportional
to the chordwise force components applied to
the wing.

The measurement of the chordwise differ-
ential-pressure profile at midspan of the rigid
wing was accomplished by the installation of
the Wiancko pressure gauges within the rigid
wing, Pressure orifices of }4-in. diameter were
drilled normal to the top and bottom surfaces
of the wing at the 5, 10, 15, 20, 40, and 80 per
cent chord stations. High-pressure tubing con-
nected these orifices to the pressure chambers
of the Wiancko gauges, except at the 40 per
cent chord station where the wing structure
permitted direct entry of the orifices to the
pressure chambers (see Fig. 3.3). Measure-



ment of the differential pressures at the six
chordwise stations as a function of time pro-
vided an alternate method of obtaining total
lift, drag, and moment forces. Figures 3.4 and
3.5 show the instrumentation diagrams for the
rigid wings.

3.5 RIGID- AND STRUCTURAL-WING
MODELS: CAMERA INSTALLATION

In order to record any blast damage that
might occur to the rigid- and structural-wing
mo-els and to photograph any debris hitting the
raodels which could be correlated with any er-
ratic readings of the recording instruments
within the models, a high-speed Fastax motion-
picture camera with a 35-mm lens was used.
The Fastax camera was operated at 500 frames
per second. The camera was mounted and pro-
tected in a similar manner as described in
Sec. 2.5.2.

Information obtained before the atomic test
indicated that artificial lights would be neces-
sary. Seven high-intensity lights mounted
slightly below ground level and in front of the
rigid- and structural-wing models were in-
stalled as shown in Figs. 1.2 and 3.6, The
lights and camera were turned on and off at the
proper time through the use of the same type of
electrical control as described in Sec. 2.5.2.

The location of the camera with respect to
the rigid- and the structural-wing models is
shown in Fig. 1.10. The camera was mounted
33'4 1t in front of the leading edge of the base of
the pylons which supported the rigid- and
structural-wing models, that is, between the
wing models and ground zero.

3.8 TEMPERATURE-MEASURING DEVICES
AND INSTALLATION

3.6.1 Maximum Temperature Survey: Temp-

Tapes

A device way developed for measuring peak
temperatures, in either transient or steady
state, by C. Fredericks of the Wright Air De-
velopment Center (WADC) for this temperature
survey. This device, which is referred to as a
“Temp-Tape,” essentially consists of a series
of low-melting-point alloy foils held in place on
the adhesive side of a heat-resistant tape strip.
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It may be installed at any convenient time prior
to the temperature rise under investigation and
can be examined for 1esults at any convenient
time after cooling.

The design of the Temp-Tape used by Proj-
ect 8.2 consisted of two small strips of alloy
foil, about 0.0025 in. in thickness, superim-
posed one on the other., The two strips are
sandwiched between two sheets of aluminum
foil or between a sheet of aluminum foil and
one of thin paper, and this entire agssembly is
attached to the adhesive side of a strip of tem-
perature-resistant adhesive tape (Fig. 3.7).
The tape serves a dual purpose: it affords a
means of holding the foil sandwich together and
allows a method of attaching the foil sandw.ch
to the surface to be measured. A temperature
range of 117 to 511°F was covered in distinct
steps of melting points, with a differential of
approximately 20°F,

The Temp-Tape i8 a convenient device for
measuring the maximum temperature attained
on the back side (the side away from the radi-
ation source) of a sheet-metal or opaque struc-
ture. However, when Temp-Tapes are installed
on the front side (that is, facing the radiation
source) or the back side of a transparent struc-
ture, the temperature measured is questionable
owing to the influence of reflection and absorp-
tion of radiation by the gauge and by the trans-
parent material prior io reaching the gauge and
owing to other similar phenomena. Although
the results from the latter type of iustallation
are questionable, Temp-Tapes were utilized in
this type of application. The Temp-Tapes are
attached to the surface in a manner similar to
that in which a Band-Aid would be applied.
After the test the Temp-Tape is removed, and
the protective covering is cut away {rom the
alloy foil, The foil is then examined by eye or
with the aid of a microscope for the melting
and fusion, and a comparison is made with the
calibration curves for the peak temperature
attained.

Each of the four island test sites was in~
strumented for a temperature survey in exactly
the same manner. An attempt was made to in-
stall the Temp-Tapes in positions such that
each test article could be surveyed for maxi-~
mum temperatures,

The test articles were instrumented with
Temp-Tapes at the following locations:
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1. F-80 fuselage:

(a) Aft of left insia~ sidewall of left-hand
intake duct

(b) Inside windshield side windows

(c) Inside left nose access door

(d) Inside windshield glass

(e) Inside top of canopy plexiglas

{f) Forward face of nose compartment aft
of wall

2. F-47 wing:

(a) Ingide top wing surface in wheel-well
area, first and second bay aft of bulb
angle stringer

(b) Forward face of rear auxiliary spar in
wheel well

(c) Rear face leading edge spar, wheel-well
area

(d) Inside bottom wing surface, 1n aileron-
inspection doors

(e) Outside top surface, just inboard of
gun-inspection doors

3. Small airfoil sections, 4 in. aft of leading
edge

4, Small cylindrical sections, 6 in. aft of
leading edge

5. Rigid-wing model, inside of bottom skin,
just aft of forward spar

8. Rigid-wing model, aft of face of forward
spar

7. Structural-wing model, inside of bottom
skin, just aft of forward spar

8. Structural-wing model, aft of face of
forward spar

8. B-17 elevator:

(a) Inside leading edge fairing, & in. aft of
leading-edge vicinity of tab-ins.pection
door

(b) Inside of top surface on fabric, vicinity
of tab-inspection door, placed at about
40 per cent chord

3.6.2 Temperature Variation with Time:
Electrical-resistance Gauges

Only 3 of the 48 channels per site were as-
signed to measure the variation of temperature
with time. With this limited number of channels
the locations of measurement points were se-
lected to obtain the best possible survey of the
temperature conditions most likely to affect the
structural characteristics of aircraft wings.
This was accomplished by locating the tem-
perature-measurement points on a structural

wing (right hand when facing tower) at each test
site as follows: The lower external skin surfac:
just aft of the leading edge, a corresponding
point on the internal skin surface, and the for-
ward surface of the front spar web.

In order to measure temperatures on both
the inside and outside surfaces of the test arti-
cles, it was necessary that the temperature-
sensing elements used on the outside surfaces
should not affect the air flow around the test
articles and that the sensing elements used on
the inside surfaces should be easily niounted
within a limited working space. Both types of
gauges were also required to be durable, highly
sensitive, and of matching impedance for the
Webster recorder. The Trans-sonic S-101
surface-temperature gauge fulfilled the re-
quirements for the internal gauge since it was
easily installed with screws, but it was too
large for external use. The Ruge-de-Forest
Stikon resistance thermometer fulfilled the
requirements for the outside gauge - 'nce it had
an applied thickness of only 0.005 in. Both
gauges fulfilled the electrical requirements for
this test,

Care was taken to ensure that the internal
gaiges were securely mounted in contact with
the surface. In addition, silicon grease was
placed between the gauges and the surfaces as
recommended by the manufacturer for better
heat conduction. The external-surface gauges
were cemented to the wing with bakelite cement
at 250 to 275°F temperatures, under 100 to
200 psi pressure. Leading-edge contour forms
and clamping fixtures were designed and fabi.i-
cated for this operation. After the gauges were
affixed, holes were drilled through the wing
skin to provide entrance for the gauge leads
into the wing. The gauges were then covered
with aluminum paint mixed to match the color
of the wing models (Fig. 3.8).

Since both gauges were of the resistance type
suitable for the active arm of a Wheatstone
bridge, the completion of each bridge with three
inactive arms was required. Trans-sonic 16-5
balancing bridges were used to complete the
Trans-sonic gauges, and the bridges for the
Stikon gauges were fabricated from resistance
elements. The three arms required for com-
pletion of each bridge were not appreciably af-
fected by changes in temperature. In addition,
this part of each bridge was placed inside the
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right-hand pylon for protection against thermal
radiation.

Figure 3.10 shows the general location of the
temperature gauges in the leading-edge section
of the second bay of the right-hand structural
wings. Figures 2.16 and 3.9 show the exact lo-
cation of the gauges in this section. In Fig. 3.9
the distance from the right rib to the nearest
edge of the external-surface gauge, station 12,
was 1‘/, in. The corresponding distance to the
internal -surface gauge, station 11, was 4 in,
The spar-web gauge, station 10, was located
8 in. from the right rib. The design of the
gauges prevented their emplacement on small

radii of curvature; however, the internal- and
external -skin-surface gauges were located as
close as possible to the leading edge, dimen-
sionally, 1% in., measured from the theoretical
leading edge along the airfoil contour to the
forward edge of the gauge. The angles of inci-
dence of the thermal radiation on the external-
skin gauge were 24.8° and 25.6°, respectively,
for Muzin at 6,878 {t and for Teiteir at 12,000 {t.
Since temperature is affected by the normal
component of the thermal radiation, which
varies as the sine of the angle of incidence, the
assumption of 25° for both sites is sufficiently
precise for calculation.
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Chapter 4

Calibration

In order to achieve the maximum accuracy of
the quantitative results obtained from the var-
ious instrumented test components, calibration
procedures were established and conducted to
determine the specific response to a known
forcing functlon. Details of the calibration
methods used for the different types of instru-
mentation are given in this chapter.

For those parts of the calibration involving
the Webster recorder, the test points for the
calibration curves, plotted as a function of
applied load vs visual signal deflection in
terms of percentages of the calibrate signal,
closely followed straight-line patterns. Accord-
ingly, all calibration curves were plotted as
the best straight lines through the test points.
The applied load required to produce a visual
‘signal deflection equal to the deflection pro-
duced by the calibrate signal was defined as the
calibration factor. These calibration factors
are listed in Table 4.1.

4.1 RIGID-WING MODELS

The instrumentation of each of the rigid-wing
models was calibrated for lift, drag, and mo-
ment forces in a gpecially designed jig con-
structed of steel [-beams. This jig was made
very rigid to minimize distortion at the support
points which held the chord plane of the model
level for application of the calibration forces.

The lift calibration force was applied by
means of lead-shot bags distributed on the
model so that a uniform spanwise force acting
downward through the 25 per cent chord line
was produced. This force was applied in 250-1b
increments from 0 to 1,500 lb,

The drag calibration force was applied hori-
zontally through a system of three loading

trays, each supported by a cable led over a
pulley to a bridle that rested against the lead-
ing edge of the model. The bridle design and
spacing thus pr- 1ced a distributed spanwise
force acting int chord plane of the model.
This drag force s applied in 30-1b incre-
ments from 0 to . {0 Ib,

The moment calibration force was applied
at midspan by means of a jig that clamped
around the wing. This jig had two arms, one
extending forward of the leading edge and one
extending aft of the trailing edge. A cabie
fastened to the front arm led over a pulley to
a loading tray. A similar loading tray was
attached directly to the aft arm so that equal
loading of the trays would produce a pure cou-
pling force. This force was applied in 500 in.-
Ib increments from 0 to 3,000 in.-1lb.

A 5-sec magnetic-tape recording of the drag,
1ift, and moment channels was made for each
increment of the respective forces. Calibration
curves of force vs deflection in terms of the
percentage of the reference calibrate signal
were plotted. These curves were approximate
straight-line functions; similar gauge installa-
tions had similar calibration curves so that a
limited number of calibration curves were
suf{icient for the reduction of drag, lift, and
moment data,

The differential-pressure gauges for the
rigid wings were calibrated prior to installation
in the wings. Twelve gauges were attached to a
pressure block equipped with a pressure-inlet
tube and a mercury manometer., One pressure
inlet of each gauge and of the manometer was
left open to atmospheric pressure. After the
zero and reference-calibrate-signal recordings
were made, compressed air was allowed to
flow through the pressure-inlet tube into the
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TABLE 4.1 CALIBRATION FACTORS AND MAXIMUM ERRORS FOR

INTELLIGENCE CHANNELS BY TEST SITE

Maximum Error by
Percentage of Test Points

Channel* Calibration Factort 99.7% 95% 687% Unit
E1l 32 x 10° 3,200.0 2,100.0 1,100.0 in.-lb
E4 32 x 10° 3,200.0 2,100.0 11,1000 in.-lb
E7 32 x 10} 3,200.0 2,100.,0 1,100.0 in.-lb
ES 39 x 102 390.0 260.0 130.0 Ib
E11l 13.3 x 10? 130.0 89.0 4.0 1b
E13 58.9 x 107! 0.59 0.39 0.20 psi
E15 54 x 107" 0.54 0.36 0.18 psi
E16 54 x 107! 0.54 0.36 0.18 psi
E17 54 x 107! 0.54 0.36 0.18 psi
E18 44.2 x 107! 0.44 0.29 0.15 psi
E19 54 x 107! 0.54 0.36 0.18 psi
E20 49.1 x 107! 0.49 0.33 0.16 psi
E21 54 x 107! 0.54 0.36 0.18 psi
E28 -35.8 x 10° 1,800.0 1,200.0 600.0 in.-Ib
E31 -32 x10° 3,200.0 2,100.0 1,100.0 in.-Ib
E34 -32 x 10° 3,200.0 2,100.0 1,100.0 in.-lb
E40 51.4 % 10° 5,200.0 3,500.0 1,700.0 in.-Ib
E41A -10 2.9 1.9 0.97 °F
E43 32 x 10? 3,200.0 12,1000 1,100.0 in.-lb
E45 28 x 10? 280.0 180.0 93.0 1Ib
E46 —-32 x 10° 3,200.0 2,100.0 1,100.0 in.-lb
E48 28 x 10 280.0 190.0 93.0 I
84 32 x 10° 3,200.0 2,100.0 1,1060.0 in.-lb
811 11.75 x 10 110.0 72.0 36.0 1Ib
S14 54 x 10~ 0.54 0.36 0.18 pst
815 44.2 x 107! 0.44 0.28 0.15 psi
816 —54 x 107! 0.54 0.36 0.18 psi
8117 58.9 x 107! 0.59 0.38 0.20 psi
819 54 x 107! 0.54 0.36 0.18 psi
820 -88.5 x 107! 0.68 0.44 0.15 psi
822 —-49.1 x 107! 0.49 0.33 0.16 psi
830 —38.75 x 10 3900 260.0 1300 b
831 32 x 10 3,200.0 2,100.0 1,100.0 in.-lb
837 11.27 x 10 6.3 4.2 2.1 °F
838 11.27 x 10 8.3 4.2 2.1 °F
839 14.98 7.9 5.2 2.6 °F
843 32 x 10! 3,200.0 2,100.0 1,100.0 in.-Ib
846 32 x 10? 3,200.0 2,100.0 11,1000 in.-lb
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TABLE 4.1 (Continued)

Channel* Calibration Factort
Q28 32 x 10°
Q39 14.98
Q40 51.4 x 10°
Q43 32 x 10°

P None

Maximum Error by
Percentage of Test Points

99.7% 95% 87% Cnit
3,200.0 2,100.0 1,100.0 in.-lb
7.9 5.2 2.6 °F
5,200.0 3,500.0 1,700.0 in.-lb
3,200.0 2,100.0 1,100.0 in.-lb

* Letters preceding the channel numbers indicate test sites: E, Engebi,

4,020 f{t; S, Muzin, 6,878 ft; Q, Teiteir, 12,000 ft; P, Bokon, 16,614 ft.

t After reduction of test-data-signal deflections to percentages of calibrate-
signal deflection, multiplication of the percentage values by the calibration
factor converted the test data into units corresponding to the measured function,
(The calibration factors may be applied to interpretation of the records pre-
sented in Figs. 4.1, 5.61, and 8.1 to 6.10.)

pressure block., The signal mechanism of each
of the 12 gauges was deflected by this increase
in differential pressure, and the electrical out-
put from each gauge was recorded for 5 rec on
the magnetic tape. The differential-pressure
reading of the manometer was noted for each
pressure increment applied. After the calibra-
tion had been completed, the deflections on the
visual reproduction of the magnetic tape were
compared with the manometer readings. Graphs
of trace deflection in terms of percentage of
reference calibrate signal ve manometer read-
ing in inches of mercury were made. These
plotted calibration curves were approximate
straight-line functions. The gauges were suf-
ficiently similar in electrical output to permit
the use of only a few composite calibration val-
ues for the reduction of test data,

4.2 STRUCTURAL- AND SWEPT-WING
MODELS

The instrumentation of each of the structural
and the swept wings was calibrated for bending
moment, shear, and torsion. Each wing was
supported as a cantilever structure by attaching
the root-fitting box to a rigid steel framework.

The calibration forces for the three measured
quantities were applied at the same time by the
proper choice of six load points for each wing.
Three of these points were locatec on the front
spar and three on the rear spar. rhree spanwise

load stations were chosen in such manner that a
load station was located slightly outboard of each
of the three instrumented stations. Thus a load
point was located on each spar at each station,
The structural-wing spanwise load points were
314, 52%, and 73% in. from the root (Figs. 2.15
and 2.18). The swept-wing spanwise load points
were 20%, 44, and 86!4 in. from the root,
measured along the 50 per cent chord line

(Fig. 2.17).

The calibration forces were applied in 200-1b
increments at each of the load points in succes-
sion. These forces were applied upward on the
lower surface of the wings by means of a dyna-
mometer and a loading jack. The jack and dyna-
mometer were placed directly under one of the
load points of the wing, with the jack resting on
the dynamometer platform. The dynamometer
scale was adjusted to compensate for the weight
of the jack. The jack pad was then raised to the
load point to apply upward forces, the magni-
tudes of which were read on the dynamometer
scale.

For each load increment at each load point
a 5-sec magnetic-tape recording was made of
all the bending, shear, and torsion channels in
the wing. The bending moment, shear, and tor-
sion at each instrumented station were also
calculated for each load increment at each load
point. Thus with the visual reproduction of the
magnetic-tape record a graph of bending mo-
ment, torsion, and shear vs the percentage of



calibrate signal could be made for each instru-
mented station. Since the wings were not loaded
beyond the elastic limit and since the strain
gauges and the recorders were designed to
yield linear signals up to that limit, the plotted
curves were approximatcly straight-line func-
tions. These functions were found to be identical,
withir the limits of accuracy of the macnetic-
tape recorder, for similar channels; therefore
one function could suffice for several such chan-
nels. This was to be expected since all struc-
tural and swept wings were of like design and
construction and since the gauge installations
and calibration loadings were similar in many
cases.

4,3 CALIBRATION OF TEMPERATURE
GAUGES

4.3.1 Temp-Tape Maximum Temperature
Survey

During the development stage of the Temp-
Tape temperature-measuring devices, it was
discovered that the melting points of the low-
temperature alloys did not appear to corre-
spond to the temperatures at which fusion of
the alloy foils occurred. This indicated that a
comprehensive calibration program would be
necessary for accurate .emperature determina-
tion. Accordingly the Engineering Department
of the University of California at Los Angeles
undertook the task of calibrating the instru-
ments.

Before the calibration of the actual Temp-
Tape was performed, a determination of the
actual melting points of the alloys was made.

It was found that each of the 14 alloys involved
had sharp, although not precisely eutectic,
melting points, the largest melting range being
about 3°F.

The calibration was made by securing the
Temp-Tape to a piece of sheet aluminum, irra-
diating the reverse side of the sheet with photo-
flood lamps, and checking the pieces of alloy
foil for melting and fusion.

All temperature measurements in the cali-
bration runs were made with the aid of thermo-
couples whose signals were amplified by d-c
amplifiers and continuously recorded. The sur-
face of the plate which was to be irradiated was
blackened with dull-black brushing lacquer in
order to increase its absorptivity., The radiating
source was composed of two special 750-w
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photoflood lamps. A thermocouple was welded
to the surface of the plate in order to record
the plate temperature.

In ceneral, successive runs for any one alloy
were taken by increasing the maximum plate
temperature in 5 to 10°F increments. After
each run the Temp-Tape was disassembled, and
the amount of melting and fusion of the foils was
noted. A calibration curve for each Temp-Tape
was thus constructed, plotting percentage melt-
ing and percentage fusion against temperature in
degrees Fahrenheit.

4.3.2 Electrical-resistance Gauges and Tem-
perature Variation with Time

The sensing elements of the BN Stikon and
the Trans-sonic 16-1 temperature gauges and
their respective balancing bridges were suf-
ficiently precise to permit calibration of only
one of each type of gauge. One of each type of
the sensing elements of these gauges was
placed on an aluminum plate, simulating the
actual installation on a wing surface. This
calibration sample was then placed in a small
electric oven. The leads from the sensing ele-
ments to the balancing bridges outside the oven
and the leads from the bridges to the magnetic-
tape recorder were of the same length as those
used for the actual test articles. Temperature
readings during calibration were taken with a
mercury thermometer extending into the oven.

Prior to calibration, zero- and reference-
calibrate-signal recordings were taken on the
magnetic tape. At this time the temperature
of the closed oven was read and found to be
slightly higher than room temperature. This
temperature was used as the reference tem-
perature throughout the calibration and was
within 2°F of the ambient temperature at the
time of the test.

The oven was then heated to various pre-
determined temperatures. At each of these
temperatures ‘he contents of the oven were
allowed to reach equilibrium. When equilibrium
was reached, a 5-sec magnetic-tape recording
was taken, and the temperature reading was
noted. Calibration at these temperature steps
was continued until the maximum temperature
of the oven was reached.

The magnitude of the deflection steps on the
visual reproduction of the magnetic-tape record
was compared with the mercury-thermometer
readings, and a graph was made of the deflection
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in percentage of the calibrate signal vs change
in temperature, defined as AT. The plotted
curves were straight-line functions to AT =+
305°F for the Stikon gauge and AT = 228°F for
the Trans-sonic gauge.

4,4 VANE-TYPE ANGLE-OF-ATTACK
INDICATORS

Because of the lateness of the decision to
measure the angle of flow of the air mass behind
the shock {ront, the consequent time schedule
for delivery and installation of the vane-type in-
dicators at the Forward Area allowed only a
hurried field calibration with improvised equip-
ment,

Calibration of the split-triangular-vane indi-
cator installed at the Engebi site was accom-
plished by calculation from the electrical char-
acteristics furnished by the manufacturer. These
characteristics permitted the calculation of the
magnitude of the vane deflection producing a
bridge unbalance equivalent to the bridge un-
balance produced by placing a §0,000-ohm resis-
tor in parallel with one arm of the bridge. This
was in turn equivalent to the'bridge unbalance
introduced by the calibrate resistor of the Web-
ster magnetic-tape recorder; therefore the cal-
culated vane deflection would produce a signal
equal to the calibrate signal. Since the bridge
unbalance of this indicator varied as a linear
function of the angle of vane deflection, the re-
sultant calibration curve was a straight-line
function from zero to the intersection of the
calculated vane deflection (abscissa) with 100
per cent of the calibrate signal (ordinate). The
magnitude, in degrees, of the calculated vane
deflection was therefore the calibration fac-
tor for this instrument. For confirmation of the
direction of vane movement with respect to the
sign of the calibrate signal, the vane was placed
in positions of slight and full displacement in
each direction, and 5-sec magnetic-tape re-
cordings were taken. The visual reproductions
of these records were then checked to deter-
mine the direction of signal deflection.

Calibration of the weather-vane type of indi-
cator installed at the Muzin site was accom-
plished by placing the vane at various angles
as measured by a machinist’s bubble-level
protractor placed on the portion of the vane
paraliel to the center line of the vane, At each
of these angles, a 3-aec magnetic-tape record-
ing was taken. The magnetic-tape record was
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compared with the protractor readines, and 4
graph was prepared of the deflection in per-
centage of the calibrate signal vs the chanze in
angle of attack.

4.5 ELECTRONIC CHRONOGRAPH AND
BLAST SWITCHES

The accuracy specified for the hizh-speed
electronic chronograph is such that calibration
of these components is not required. A check
was made to confirm that the performance was
equivalent to that specified. This was done by
comparison with a signal output frequency of
radio station WWV, Washington, D. C. Satis-
factory reliability was demonstrated by ali the
chronographs. The mechanical diaphragm-type
blast switches, however, possessed sufficient
inherent inertia to produce a definite lag time
between the arrival of the blast wave and the
following closing of the switch. This lag time
is large compared to the accuracy of the elec-
tronic chronograph, and calibration is neces-
sary to eliminate this unknown differential. The
blast switches were calibrated individually by
mounting them in a shock tube and subjecting
them to a shock-pressure differential of 3.4 psi,
the same magnitude as that recorded on the test
site at 6,878 ft from ground zero (Muzin). This
corresponds to a velocity of 1,250 ft/sec with-
in the shock tube. The calibrations are shown
in Fig. 4.1. Based on seven test runs, the time
required for the shock to travel the 31-in.
timed distance was found to vary by 21 psec,

a deviation of 0.53 per cent. The individual
blast switches showed maximum deviations as
follows: starting switch, 30.9 usec; 4-ft switch,
very erratic, indicating unreliability (data from
this channel have been eliminated); 10-ft switch,
45.4 usec; 13-ft switch, 7.1 ysec; and 19-ft
switch, 20 usec.

Since the chronogrzphs were fabricated at a
late date and were not received until shortly
before Easy Day, calibration could not be
scheduled until after the bomb detonation. A
shock tube and electronic-timing components
were necessary to calibrate the individual blast
switches to determine the lag time between the
arrival of the blast wave and the following clo-
sure of the blast-switch contact. The average
lag time determined from a series of runs in
the shock tube was obtained for each blast
switch and applied to the readings obtained
from Easy Shot.
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Chapter 5

Test Results

5.1 RE-ENTRY AND GENERAL OBSERVA-
TION OF EFFECTS

The detonation of the E-day atomic bomb at
0830 on 18 April 1951 was observed by Project
8.2 personnel from aboard the USS Sergeant
Mower, anchored off shore of Parry Island, At
0730 the Project 8.2 re-entry party left Parry
Island for the island test sites. The first stop
was made at Bokon at approximately 1000. No
damage of any type could be visually observed
on any of the test articles. All the instruments
had functioned, and all observations indicated
that they had functioned properly. The only
outward appearances that indicated that this
site had been subjected to an atomic bomb ex-
plosion were a few burned portions of the fabric
material of the sandbags. No monitor proceeded
with this group to Bokon or to Muzin, the is-
lands having previously been surveyed by Pro-
gram 2 monitors. After Program 2 recovery
operations were completed, it was necessary
for the monitors to leave these islands instead
of remaining to escort succeeding recovery
teams. By the time a shuttle helicopter could
be dispatched to furnish monitoring service,
Project 8.2 had completed its inspections and
proceeded to Engebi, where results of the ini-
tial survey were available. The radiation in-
tensity at the time of re-entry was 1.0 r/hr.

The re-entry party departed from Bokon at
approximately 1045 and proceeded to Muzin,
where the inspection was started at approxi-
mately 1145, Here also very little disturbance
to the Project 8.2 test articles was observed
(see Fig. 5.1). 8corching of the paint and sand-
bags in a few spots and erosion of the tempera-
ture patches located close to the ground were
noted. The 25-kw generator was still operating
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in good order, although the sandbag revetment
had caved in about it {see Fig. 1.19). Debris,
such as sheets of metal from the buildings to
the rear, littered the asphalt around the test
articles. The interior of the instrument house
showed no indication of bomb damage. All in-
struments had functioned and apparently in the
proper manner and sequence. The small neon
lights on the Potter counters were still lighted,
permitting a direct reading of the total counts.
The outward-appearances of the Muzin test site
showed only slight indications of having been
subjected to the atomic bomb burst, although
the power of the bomb was quite evident in the
demolished buildings and debris of the sur-
rounding projects. The radiation intensity de-
termined by the initial survey was 0.3 r/hr.
The re-entry party departed from Muzin at
approximately 1145 and proceeded to Engebi,
where the inspection was started at approxi-
mately 1215, On this island test site, damage
to various parts of test articles was evident,
although no part of the installation was demol-
ished (see Fig. 5.2). All instrumentation and
recording systems had functioned, and all evi-
dence indicated that they had functioned prop-
erly. At the Project 8.2 test site on Engebi the
rate of radiation was approximately 0.1 r/hr.
The re-entry party departed from Engebi at
approximately 1300 and proceeded to Teiteir,
where the inspection was started at approxi-
mately 1330. No damage was .bserved on the
test articles at this site. Fires were observed
around the test site in the deadwood that had
been cleared {rom the site, The instrumenta-
tion and recording systems had all functioned
properly at this test site except for the Fastax
cameras. Power and relay troubles caused a
malfunction of cameras and the lighting sys-




tem. The rate of radiation on the Teiteir test
site at the time of re-entry was approximately
1.2 r/hr,

5.2 VISUAL OBSERVATION OF EFFECTS ON
TEST ARTICLES

It appeared to be the opinion of practically
all the people who inspected the test sites prior
to the explosion and also of those who were
familiar with Project 8.2 test installation that
the aircraft test structures on Engebi would be
completely demolished. In the breakdown of the
observation of effects on test articles that fol-
lows, the details are practically all limited to
the effect on the Engebi test articles since
practically all cases of damage were confined
to the Engebi test site, and this was difficult to
photograph at times since the extent of damage
was very limited or of a minor nature,

5.2.1 B-17 Elevator: Fabric-covered Control
Surfaces

No effects of the explosion could be observed
externally or internally on the B-17 elevators
at Muzin, Teiteir, or Bokon (Fig. 2.8). The
doped fabric was taut and showed no signs of
deterioration,

The elevator on Engebi was damaged con-
siderably, although the outward appearance
belittled the actual damage that had occurred
to the internal structure (Fig. 2.24). The doped
fabric skin which was fairly well shielded by
the supporting tube was scorched or burned
through in places on the upper-surface leading-
edge portion. The fabric skin on both sides was
loose and wrinkled, with a small torn place on
the upper surface between two ribs. This torn
place may be directly attributed to the exten-
sion of a small hole (%, in. diameter) that was
in the fabric at this point prior to the test.
Close examination of the contour of the elevator
indicated that the shape was changed and there-
fore a probable crushing of the internal struc-
ture had occu>  (ribs). The impression of
the ribs on the metal skin of the trim tab was
also evidence of damage due to crushing. The
elevator was dismounted, and practically all
the doped fabric skin was removed from one
side to allow observation of the internal struc-
ture (see Fig. 2,25). The crushed metal ribs
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of the internal structure and burned sections
of skin may be seen in Figs. 2.26 and 2.27.

5,2.2 F-47 Wings and Metal-covered Control
Surfaces

The F-47 wings and attached metal control
surfaces (metal-covered flaps and ailerons) on
Bokon, Teiteir, and Muzin showed no indication
of damage whatsoever. Both of the F-47 wings
on Engebi received superficial damage, con-
sisting in a slight dishing of the metal skin on
both sides inward between parts of the sup-
porting internal structure (see Figs. 2.6 and
2.7). The supporting ribs and internal struc-
ture of the control surfaces and the wing proper
were moderately impressed on the metal skin.
The structure on the leading edge of the wing
near the tip retained a visible permanent set
from the crushing force of the differential
pressure. Only infinitesimal damage due to
thermal radiation could be observed. Several
darkened areas which were caused by smoking
of rubber seal strips were noted. Although the
aerodynamic shape of the wing and control sur-
faces was impaired, the strength for all prac-
tical purposes was probably not lowered any
appreciable amount.

As stated before, no damage was sustained
by the F-47 wing structure proper on Teiteir;
however, the sheet-metal covering placed over
the wheel and strut well to give continuity to
the airfoll section was dished in as shown in
Figs. 5.3 and 5.4.

5.2.3 Rigid-wing and Structural-wing Models

The rigid-wing and the structural-wing
models and the supporting system showed no
evidence of damage in any form on Bokon,
Teiteir, and Muzin. Only slight traces of ero-
sion of the paint were visible on the leading
edges of the nose section of the pylon on Muzin
(see Fig. 3.8).

Structural-wing model 104, orientated at a 8°
angle of incidence on Engebi, had definitely
sustained damage. This wing had not broken
free from the supporting pylon but was droouping
severely, as shown in Fig. 1,2, The other
structural model and two rigid models did not
have any visible gigns of damage. The nose
sections of the pylons were the only portions
of the supporting system that showed evidence
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of damage. The leading edges of these sections
were scorched, and the aluminum skin showed
the impression of the supporting ribs, When
structural model 104 was disassembled, the
following damage, illustrated in Figs. 2.12

and 2.13, was ascertained:

1. Shearing of the attachment rive‘s caused
separation of the attachment fittings ). from the
spar roots (Fig. 2.13).

2. The upper spar caps buckled at the root
section (points C in Fig. 2.13).

3. The upper and lower spar caps cracked
and separated {rom the shear web in the root
section as shown at points A and B in Figs.
2,12 and 2.13.

4, The intermediate stiffener D in the root
section had failed (Fig. 2.13).

5.2.4 Swept-wing Models

The swept-wing models and supporting sys-
tem on Bokon, Teiteir, and Muzin did not sus-
tain any structural damage. Their appearance
was unchanged as a result of the bomb burst,
except for a small amount of paint blistering
on the forward 6-in, supporting struts and the
nose sections of the pylons. The swept-wing
model on Engebi showed no indication of dam-
age. However, superficial damage did occur
to the supporting system in that the nose sec-
tion of the pylon had the internal ribs impressed
on the aluminum skin and several shallow skin
buckles were apparent. The paint on the leading
edge of the nose section and on the large sup-
porting strut was considerably burned. Some of
these effects on the swept-wing model installa-
tion may be observed by comparing the before
view, Fig. 1.8, with the after view, Fig. 1.4,

5.2,5 F-80 Fuselages

The F-80 fuselage-section installation on
Bokon, Teiteir, and Muzin showed no damage
with the exception of a slight scorching of the
finish on the radar dome and of the paint on the
outside edge of the left intake duct on Muzin.
Figure 2,21 is a before view, and Fig. 2.22 is
an after view of the F-80 fuselage installation
on Muzin. It can be seen in these photographs
that the canopy, temperature gauges, radar
dome, etc., are intact with no visible change.

Some superficial damage was sustained by
the F-80 fuselage on Engebi, Structurally the
damage was limited to shallow buckling of the

skin between internal supports. Some of these
buckles can be observed in the nose section
slightly forward of the 0 in the number 420 in
Fig. 2.3. The dents in the right air scoop, as
shown in the same photograph, were made
previous to the explosion, as may be noted in
the before picture, Fig, 2.2, Several shallow
dished-in areas occurred on the left side of
the fuselage nose, The largest area of damage
of this nature, including the removable panel
over the camera-window cutout, may be seen
in the vicinity of the lower part of the F of the
large black letters FT-42 of Fig. 2.4. The
radar dome on the nose of the fuselage pre-
sented a charred appearance. The laminating
resin down through the {irst layer of glass
fabric was severely scorched. The canopy
withstood the explosion with no outward ap-
pearance of damage. However, the rubber
sealing strips around the edge of the canopy
were burned. The windshield which faced
directly into the blast was intact, but crazing
and cracking within the laminate were ob-
served,

5.2.8 Airfoils

No effects of the explosion could be observed
on the airfoils at Muzin, Teiteir, or Bokon.
The three airfoils set at a 22'4° angle of inci-
dence on Engebl all failed in the same manner
but in varying degrees. Figure 2.6 illustrates
all three airfoils and their failure appearance
with relation to the supporting system. The
airfoil in the most prostrated position on the
extreme left in Fig. 2.6 contains the larger
14-1n, venting holes. Detalls of this failure
may be seen more clearly in Fig. 5.5. The
airfoll containing the Y,-in, holes is on the
immediate right side of the F-47 wing in Fig.
2.8, and the failure is illustrated in detail in
Fig. 5.6. The remaining airfoil did not contain
any venting holes, and, as illustrated in Fig.
5.7, its failure had progressed the least of the
three airfolls set at maximum angle of inci-
dence, The appearance of the failure indicated
that the venting holes had not materially weak-
ened the structure.

The three other airfoils on Engebi, which
were set at a 0° angle of incidence, did not fail
in any manner, as may be seen in Fig, 2.18.
Fairly severe erosion from sand and dust had
occurred on the temperature tapes that were
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on two of these airfoils. This also may be
viewed in Figs. 2,18, 2,19, and 5.7.

5.2.7 Cylinders

None of the cylinders was damaged struc-
turally on any of the four island test sites.
The Temp-Tapes on the cylinder on Engebi
were burned and sandblasted beyond any possi-
bility of reading. Figure 2.20 is an illustration
of the condition of the cylinders on Engebi after
the blast.

5.3 TEST RESULTS FROM MODEL WINGS

5.3.1 Rigid-wing Models

Lift reactions were measured on the rigid-
wing models at all four test sites. Drag and
moment reactions at all four sites were ob-
scured by the dynamic response of the rigid-
wing models. On Engebi and Muzin (4,020 and
6,878 ft from ground zero) lift records were
obtained from the wings set at a 9° angle of
incidence, as plotted in Figs..5.8 and 5.9. An
average curve of the lift for each of these
wings was obtained by a graphical elimination
of the effects of wing-model dynamic response
occurring at a frequency of 40 to 50 cps. These
curves are presented for comparison in Fig.
5.10. As presented in this manner, the max-

' {mum lift for the wing model at a 9° angle of
incidence at a range of 4,020 ft (Engebi) was
1,280 1b, occurring 55 msec after passage of
the blast front, with a decrease to zero lift at
650 msec. The maximum lift was preceded by
a lift of 1,140 Ib at 20 msec. The maximum
1ift for the 8° wing model at the 6,878-ft range
(Muzin) was 340 1b at 100 msec, with a prior
peak of 300 lb at 15 msec. The lift decreased
to zero at 900 msec for this wing model.

No significant signal was recorded for the
rigid-wing models set at a 6° angle of incidence
on Engebi and Muzin, On Teiteir and Bokon
(12,000 and 16,614 ft from ground zero) lift
records were obtained from the rigid-wing
models at a 6° angle of incidence. However,
the low magnitude of lift was considerably ob-
scured by the dynamic response of the models,
and consequently graphs of these functions are
not presented. No signal was recorded for the
wing models at a 9° angle of incidence on
Teiteir and Bokon.
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Differential-pressure profile data were ob
tained from all the rigid wings at Engebi and
Muzin. As was predicted, the pressure dif-
ferentials at the two farthest sites {(Tenteir
and Bokon) did not exceed the noise level of
the recording system. The moust complete
pressure data were recorded at the 4,020-(t
range (Engebi) from the rigid wing set at a
9° angle of incidence, Five of the sixX pressure-
sensing elements on this wing operated satis-
factorily., On the remaining three rigid wings
at Engebi and Muzin, approximately 50 per
cent of the pressure transmitters functioned
properly. Individual graphs of the variation
of these pressure differentials with time for
the first 200 msec {ollowing the initial pres-
sure disturbance are shown in Figs. 5.11 to
5.24. These graphs uniformly Indicate that
pressures exceeding 80 per cent of the max-
imum pressure recorded In each case were
attained at approximately 3 msec after the
first discernible pressure change.

Trapezoidal integration of the differential
pressures, measured on the rigid wing at a
9° angle of incidence at the 4,020-it range
(Engebi), was conducted by tabular methods
to give the variation of total lift with time as
indicated by the chordwise pressure distribu-
tion. A graph of this function utilizing the aver-
age curve through insignificant variations is
presented in Fig. 5.25. The maximum lift ob-
tained by this method i8 somewhat questionable
but is presented as 2,400 lb at 15 msec, de-
creasing to zero lift at 650 msec.

Each pressure-differential record for this
wing was averaged over the first 20 msec and
over the first 100 msec. Each of the average
pressure-differential values was plotted at the
proper place on a percentage of chord abscissa
80 that the curves connecting these points would
present the chordwise pressure distribution for
this airfoil. This distribution for 0 to 20 and 0
to 100 msec is shown in Fig. 5.26. The pres-
sure-differential records for the remaining
three wings were averaged in a similar man-
ner, were multiplied by proper factors to raise
the pressures for each wing to equivalent pres-
sures for a 9° wing at a 4,020-ft range, and
finally were averaged together with the aver-
age pressures for the 9° wing at 4,080 ft.
These computations were conducted as shown
in Table 5.1, The weighted average differen-
tial-pressure values were plotted on a per-




TABLE 5.1 TRANSPOSITION OF ALL DIFFERENTIAL-PRESSURE DATA
TO 9° RIGID WING AT ENGEBI

Differential Pressure

(5)
(4) Av. Differ-  (6)t 98
(1) (2) Angle ential Adjust- (1 (8) Av, of
% of Range (3) of Inci-  Pressure ment  Adjusted Total of Total

Line* Chord (ft) Site  dence (°) (psi) Factor Av. Adjusted Adjusted

First 20 Msec

A 5 4,020 Engebi 9 4.81 1.0 4.81
B 5 4,020 Engebi 8 3.41 1.1 3.75
c 5 6,878 Muzin 8 0.33 14.6 4.82

5 13.4 4.46
E 10 4,020 Engebi 6 2.70 1.1 2.97
F 10 6,878 Muzin 9 0.41 7.1 2.91
G 10 6,878 Muzin 8 0.31 14.8 4,53

10 10.4 3.47
H 15 4,020 Engebi 9 2.37 1.0 2.37
1 15 4,020 Engebi 8 3.18 1.1 3.50
J 15 6,878 Muzin 9 0.51 7.1 3.62

15 9.4 3.18
K 20 4,020 Engebi 9 1.93 1.0 1.93
L 20 6,878 Muzin 9 0.20 1.1 1.42

20 3.35 1.8
M 40 4,020 Engebi 9 1.65 1.0 1.65 1.65  1.65
N 80 4,020 Engebi 9 2.00 1.0 2.00 2.00  2.00

*The letters in this column are used as coordinates with the column numbers in the computa-
tions below, e.g., A5 is the value on the first line in the column numbered 5 (average differen-
tial preasure), or 4,81,

tComputation of adjustment factors for first 20 msec for data from the following:

o . 1 ASH5 _14824_

6° wing, range 4,020 ft: 2B515 234332" 1.1
o , 1 H5K5 12419 _

9° wing, range 6,878 ft: 2 J5L5°2 03502 7.1
o . A5 _ 4.8 _

6° wing, range 6,878 ft: C5Tom 14.6

6° wing, range 4,020 ft: 3 BS G5~ 3 728 1—.—=°9
. , 1F515_11610_
9° wing, range 6,878 ft: THE5- 303063 4.5
15 _ 1.0
6° wing, range 6,878 fi: oy 9.2

tValues in the column numbered 7 were obtained by multiplying the value in column 5 by that
in column 6,

H §The values in the column numbered 9 are the final values used for graphs.
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TABLE 5.1  (Continued)
Differential Pressure
(5)
(4) Av, Differ- (Byr (9
(1) (2) Angle ential Adjust- (M1 (8) Av. ot
% of Range (3) of Inci- Pressure ment Adjusted Total of Total
Line* Chord (ft) Site  dence (%) (psi) Factor Av. Adjusted Adjusted
First 100 Msec
A 5 4,020 Engebi 9 1.90 1.0 1.90
B 5 4,020 Engebi 6 2.88 0.9 2.59
5 4.49 2.25
C 10 4,020 Engebi 6 1.13 0.9 1.02
D 10 6,878 Muzin 9 0.42 4.5 1.89
E 10 6,878 Muzin 6 0.31 9.2 2.85
10 5.76 1.92
F 15 4,020 Engebi 9 1.64 1.0 1.64
G 15 4,020 Engebi 6 1.39 0.9 1.25
H 15 6,878 Muzin 9 0.28 4,5 1.26
15 4.15 1.38
1 20 4,020 Engebi 9 1.01 1.0 1.01
J 20 8,878 Muzin 9 0.32 4.5 1.44
K 20 6,878 Muzin 8 0.11 9.2 1.01
20 3.46 1.15
L 40 4,020 Engebi 9 0.86 1.0 0.86 0.86 0.86
M 80 4,020 Ergebi 9 0.15 1.0 0.15 0.15 0.15

centage of chord abscissa, as shown in Fig.
5.27, to present the chordwise pressure dis-
tribution on the basis of the total amount of
data available,

Tabular computation of the center-of-pres-
sure movement was made on the basis of the
five differential-pressure measurements from
the rigid-wing model at a 9° angle at the 4,020-ft
range. This center-of-pressure movement
about the 25 per cent chord point was plotted
as snown in Fig, 5,28. The moment about the
25 per cent chord point was similarly comr
puted and graphically compared with the angle
of attack in Fig. 5.20. The source and treat-
ment of the angle-of-attack information on this
figure is included in Sec. 5.5.1. The center-of-
pressure computations and the moment compu-
tations, both originating in the same data, in-
dicated an initial upward force acting aft of the
2% per cent chord point.

Variation of differential pressure with time
measured at 10 per cent chord of the rigid-wing
model set at a 9° angle of incidence at the

8,878-ft range (Muzin) i8 shown in Fig. 5.30 to
indicate the small but abrupt variation in pres-
sure occurring at 1,150 msec after passage of
the blast front. This variation occurs within
the time bracket of the change from positive
to negative pressure established by the over-
pressure data reported in Sec. 5.5.4. This
phenomenon was observed on three of the
seven differential-pressure records obtained
at this site. In each of the other four records
the record was not conclusive at this point,
and measurements of other functions taken on
the same magnetic-tape recorder had no simi-
lar indication. The record at 10 per cent chord
of the 9° angle-of -incidence model is typical of
the records for the other two pressure meas-
urements where this variation was observed.
Another phenomenon occurring at the 6,878-ft
range (Muzin) was noted on both rigid-wing
models at this site. At the 20 per cent chord
point of both models an initial negative pres-
sure differential of approximately 3'; msec
duration was observed. This represented a
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function approximately 180 out of phase with
other pressure measurements on the <ame
wings at different chord points. No morked
physical disparity, other than chordwise posi-
tion, was apparent in this installation. The in-
dication of predominantly positive differential
pressure subsequent to the initial negative
phase for these two pressure measurements
is evidence of the correctness of the sign of
the pressure measurements. Figures 5.31to
5.33 present this phenumenon in various com-
parisons, and Figs. 5.21 and 5.24 provide sup-
porting evidence.

5.3.2 Structural-wing Models

The bending moment was measured at three
spanwise stations on the structural-wing mod-
els at Engebi and at one spanwise station on
the structural-wing models on Muzin and
Teiteir. Failure in at least one component
of the measuring and recording system elimi-
nated measurements at two spanwise stations
on Muzin and Teiteir and at one station on
Bokon. No attempt was made to measure the
bending moment at the remaining stations on
Bokon because of the very low magnitude of
bending moment predicted.

The records of bending moment for the
three spanwise stations on each of the two
structural-wing models at the 4,020-ft range
(Engebi) indicated high stresses during the
first 20 msec of the positive-pressure phase
(see Figs. 5.34 to 5.36). These stresses were
imposed on the structures at frequencies
higher than either the first- cr second-mode
bending frequencies of the wing models.

Following the initial indication of high-
frequency stresses, the bending moments at
the three spanvise stations of the structural
wing at a 6° angle of incidence at the 4,020-ft
range assumed characteristics equivalent to
first-mode vibration of the structure, as shown
in Fig. 5.34. The initial peaks of bending mo-
ment under first-mode conditions were 47,000,
8,500, and 5,500 in.-lb, respectively, for the
inboard, intermediate, and outboard stations.
These peaks occurred approximately 110 msec
after the arrival of the blast front and were
followed by successive first-mode vibrations
of diminishing magnitude at a frequency of 4.3
cps. An expanded graphical presentation of
the initial peak of the first-mode bending

moment at the inboard station of structural
wing 101 is shown in Fig, 5.7,

As indicated in Sec. 5.2.0 the structural
wing at a4 9 angle of incidence at the 4,020-1t
range failed structurally in the region of at-
tachment to the root-fitting box. This failure
was indicated by the records of bending mo-
ment for the intermediate and outboard stations
of this wing model, as shown in Fig. 5,36, The
time of failure is indicated in this figure by
the abrupt change of frequency of the measured
stress 81 msec after the arrival of the blast
front. On the figure this change of frequency is
emphasized by comparison with the bending
moment from the outboard station of the 6° wing
at this range, The [requency following failure
was equivalent to the second-mode vibration of
the model structure, Failure occurred on this
wing model when the bending momunts on the
structural wing at a 6° angle of incidence at
this site were 85 per cent of their eventual
maximum value, which occurred 29 msec later.
The magnitude of the bending moment at the in-
board station of the 9° wing exceeded the full-
scale range of the magnetic-tape recorder
prior to the time of failure, so that no effec-
tive presentation of data for this station can
be made.

The records of bending moment at the inter-
mediate station of the two structural-wing
models at the 6,878-ft ranpe (Muzin) are pre-
sented in Figs. 5.38 and 5.39. No evidence of
the high-frequency stresses recorded  -.’ing
the first 20 msec at the 4,020-ft range . s ap-
parent on these records. Both records of
bending moment for these wing models indi-
cate initial second-mode vibration super-
imposed on the first cycle of first-mode vi-
bration, followed by simple first- mode os-
cillation. The initial period is presented in
Fig. 5.39, and the continuing {irst-mode con-
dition is shown by Fig. 5.38. Superposition of
the second-mode vibration on the {irst-mode
amplitude increased the magnitude of the ini-
tial peak bending moment at the intermediate
station to 8,000 in,-1b for the 9° angle-of-in-
cidence wing and to 5,000 in.-1b for the 6°
angle-of -incidence wing. Two peaks of ap-
proximately equal magnitude occurred on
each record, one near 90 and one near 125
msec after arrival of the blast front.

The one record of bending moment for the
structural wing obtained at the 12,000-ft range
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(Teiteir) was for the inboard station of the
wing model set at a 9° angle of incidence. This
station of this wing would, under theoretical
consideration, record a larger bending m~.ment
than any other station un the structural wings
at this range or at the 16,614-ft range (Bokon).
The magnitude of the bending moment even at
this station was so small that it scarcely ex-
ceeded that maximum error pn8sible under
conditions of normal distribution of error, as
indicated in Table 4.1. For this reason the
graphical presentation of this record has not
been included, and a specific indication of peak
bending moments has been omitted.

Shear loading on the structural-wing models
was measured successfully only at the inboard
station of the wing at a 6° angle of incidence at
the 4,020-ft range (Engebi). Second-mode vi-
bration is discernible superimposed on the
initial cycle of first-mode vibration, although
some irregularities tend to obscure the firsat
oscillation of the second mode in Fig. 5.40.

A maximum shear of 1,300 1b was measured

at the peak of the first cycle of second-mode
vibration at 18 msec after arrival of the blast
front. This was followed by a small shear,
1,100 1b, for the maximum value of first-mode
loading at 110 msec. Continuation of the first-
mode vibration with diminishing amplitude is
shown in Fig. 5.41. Wing failure, low shear-
gauge output, and failure of components of the
recording system combined to eliminate ade-
quate records of shear at other stations, other
wings, and other ranges. The excessive strength
of the shear web of the wing spars was a major
factor in imiting the bridge output of the
gauges used for the shear-measuring installa-
tion,

No torsion loads were measured successfully
on the structural-wing models. Contributing
factors to this failure were the extreme tor-
sional stiffness of the wing models, the ex-
cessive strength of the spar webs in resist-
ance to torsional shear flow, and the incomplete
pattern of gauges with respect to the problem
of averaging the torsional shear flow in a cross
section of the wing model.

5.3.3 Rigid- and Structural-wing-model
Cameras

Film rol! B-85-100-711, exposed in the
Fastax camera and used to record damage to

rigid- and structural-wing models at Engeb,
vas rot readable, It was overexposed by the
ti-ebait and was somewhat exposed by radiation
in spite of protection afforded by lead bricks
around the camera canister.

Film roll B-35-100-713, exposed at Muzin,
was somewhat overexposed but was readable
in part. There was no photographic evidence
nf any blast damage or of any object of sufficient
size striking the models that might be corre-
lated with an erratic reading from the instru-
ments within the models. The beginning of the
film was overexposed or washed out completely
by the fireball. When the wing models could be
seen, dust was present, and objects which prob-
ably were flakes of oil-impregnated sand could
be seen moving through the camera field. Two
floating sheets of iron were observed to the
rear and on either side of the wing models.
Since the camera started at H + 2 sec and
stopped at H + 11 sec, it appears that most of
the readable {ilm was exposed during the neg-
ztive phase of the pressure wave.

No film was exposed at Teiteir since a de-
lay timer failed to start the camera.

A camera was not installed at Bokon since
a short time prior to E-day a vehicle ran over
the camera mount and canister, damaging them
beyond repair,

5.3.4 Swept-wing Models

The bending moment was measured at three
spanwise stations on the swept-wing model at
Engebi and at two spanwise stations on the
swept wings at Muzin and Teiteir. Shear load-
ing was measured at two of the spanwise sta-
tions on the swept wing at Engenl. Failure of
at least one component of the measuring and
recording system eliminated one measurement
of bending moment at Muzin and Teiteir and all
measurements of shear loads at those two
sites. Attempts to measure bending moment
and shear at Bokon were canceled prior to the
test when information became available which
predicted very low air loads at this site. No
torsion loads were successfully measured on
the swept-wing models. As in the case of the
structural models the factors contributing to
this failure were the torsional stifiness of the
model, excessive strength of the spar webs,
and incomplete torsional gauge patterns for
salution of the problem of average torsional
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shear flow at the cross section of each span-
wise station.

Each of the five records of stress, three of
bending moment and two of shear, for the
swept-wing installation at the 4,020-ft range
(Engebi) indicated high stresses, similar to
those of the structural wings at this site, dur-
ing the first 20 msec following the arrival of
the blast front. Figures 5.42 to 5.46 indicate
the magnitude, frequencies, and relative times
of occurrence of these inidal stresses, and
Fig. 5.47 indicates existing phase relations
for the bending moments by comparison on
an expanded time scale. Comparison of Figs.
5.42 to 5.48 with Figs, 5.34 to 5.36 indicates
the similarity of these stresses in the swept-
and the structural-wing models.

Following the initial high-frequency varia-
tions of the stress records, the bending and
shear records of this swept-wing model at
Engebi assumed the characteristics of a first-
mode vibration of the structure, as shown by
Figs. 5.48 and 5.49. Second-mode stresses
are discernible in the first cycle of first-
mode vibration shown in these records; how-
ever, it 18 not readily apparent whether or
not the secondary stresses raise the peak
magnitude of the first-mode stresses. The
peak magnitude of the bending moment at the
inboard station of this wing for first-mode
vibration {8 unknown since the full-scale
limit of the magnetic-tape recorder was ex-
ceeded. This is indicated in Figs. 5.42 and
5.48 by the omission of the curve of bending
moment for the section from 82 to 147 msec.
The {nitial peaks of the first-mode bending
moments were 104,000 and 16,000 in.-1b, re-
spectively, for the intermediate and outboard
stations. The corresponding peak magnitudes
of shear were 1,500 and 400 lb, respectively,
for the intermediate and outboard stations.
These peaks occurred approximately 110 msec
after the arrival of the blast front and were
followed by first-mode vibrations of dimin-
ishing magnitude at a frequency of 4.0 cps.

The records of bending moment at the inter-
mediate and outboard stations of the swept-
wing model at the 6,878-ft range (Muzin) are
presented in Figs. 5.50 and 5.51. Evidence of
minor second-mode loading is indicated at the
beginning of the record of bending moment at
the Intermediate station of this wing, as shown
in Fig. §.51. This figure also indirates the in-

itiation and continuance of first-mode bending
moment at this station, with a first-peak mag-
nitude of 10,000 in.-1b at 100 msec, followed
by lesser peak magnitudes at a frequency of
4.3 cps. As in the case of the structural wings,
no evidence of the high-frequency stresses re-
corded during the first 20 msec at 4,020-{t
range {8 apparent. The variation of bending
moment with time at the outboard station is
presented in comparison with the bending mo-
ment from the same statian at the 4,020-ft
range in Fig. 5.50. The comparison indicates
equivalent condi.ions of second-mode vibration
superimposed on the first cycle of first-mode
bending at both ranges. The secondary stresses
substantially increased the peak magnitude of
the bending moment at the 6,878-ft range and
bore a phase relation to the first cycle of the
primary loading such that three peaks of ap-
proximately equal magnitude were recorded.
These peaks indicated bending moments of
approximately 4,000 in.-1b at 60, 95, and 130
msec. Cycles of {first-mode bending moment
continue with diminishing magnitude at a fre-
quency of 4.4 cps. The initial 25 msec of each
record is omitted in this figure because the
high-frequency stresses of the record from
the 4,020-ft range would obscure this section.
These stresses were not evident on the record
from the 6,878-it range, as indicated by a
similar comment on the measurement at the
intermediate station,

The two records of bending moment at the
inboard and intermediate stations of the swept
wing at the 12,000-ft range (Teiteir) should,
under predicted conditions, record larger bend-
ing moments than the remaining stations on the
swept wings at this range and at 16,614 ft
(Bokon). Even at these stations, however, the
magnitude of the bending moment was so small
that it scarcely exceeded the possible error,
considered statistically, as indicated in Table
4.1. Thus the graphical presentation of these
records has been omitted, and peak bending
moments have not been specifically indicated.

§.4 RESULTS OF TEMPERATURE MEASURE -
MENTS

5,4.1 Temperature Variation with Time:
Electrical-resistance-type Gauges

Of the 12 gauges for recording the tempera-
ture varfation with time, installed in the struc-
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tural-wing models, eight were operational on
Easy Day. The external-skin-surface gauge at
Engebi, range 4,020 ft, was intentionally elimi-
nated because the skin temperatures expected
at this range were calculated to be high enough
to short out the gauge, causing electrical mal-
function of the recorder. The two internal
gauges at Engebi and the external-skin-surface
gauge at Bokon, 16,614 ft, were eliminated
because of the occurrence of electrical mal-
functions with insufficient time for correction.
Usable data were obtained from four of the
eight gauges that were operational. The three
gauges on Muzin (6,878 {t), the external-skin-
surface gauge on Teiteir (12,000 {t), and the
two internal gauges on Bokon functioned prop-
erly, Failure of at least one component of the
measuring and recording system during the
test eliminated measurements from the two
internal gauges at Teiteir, The signals re-
corded by the two internal gauges at Bokon
were insignificant. The ambient temperature at
H-hour (approximately 80°F) was selected as
the point of origin for all temperature-time
data, Thus the data reported represent the in-
creases in temperature of the structural-wing
models caused by the thermal radiation of the
50-kt bomb. As the propagation of thermal
radiation from the bomb is practically instan-
taneous, zero time on all temperature curves
may be considered coincident with H-hour.
The maximum temperature increases re-
corded by the four operational gauges were, at
Muzin, 87°F by external-skin-surface gauge,
43°F by internal-skin-surface gauge, and 12°F
by front spar-web gauge; and, at Teiteir, 27°F
by external-skin-surface gauge. Similarity of
the temperature rise of the external-skin-sur-
face gauges at Muzin and Teiteir was evident,
as shown by Figs. 5.52 and 5.53. Each of these
external-skin-surface gauges attained maxi-
mum temperature 0.4 sec after detonation of
the bomb, These peak temperatures decreased
rapidly; at the end of 2 sec the gauge at Muzin
registered 47°F above the original ambient
temperature, whereas the gauge at Teiteir in-
dicated 17°F above the ambient temperature.
At this time (2.0 sec) a slight increase in tem-~
perature was indicated by both gauges. This
was followed by a moderate cooling rate, aver-
aging, over the remaining 98 sec of the record,
0.3°F/sec at Muzin and 0.1°F/sec at Teiteir.

The internal-skin-surface gauge at Muzin
exhibited an abrupt tempcrature rise of 21'F
in approximately 1 sec, after which the rate of
rise decreased, as shown in Fig. 5.54. The
temperature indicated by this gauge continued
to increase until at 11,5 sec the internal-skin-
surface-gauge temperature equaled the ex-
ternal-skin-surface-gauge temperature which
had cooled to 39°F above ambient {see Fig.
5.55). The internal-skin-surface gauge ap-
parently continued to rise and reached a peak
of 43°F above ambient at 22 sec, After 22 sec
the internal-skin-surface-gauge temperature
decreased at approximately the same rate as
that of the external-skin-surface gauge,

The spar-web temperature at Muzin rose in
3 sec to a temperature of 6°F above ambient.
After this time the temperature continued to
increase at a lesser rate to a maximum of
12°F at 23 sec. From this point the temper-
ature remained constant to the end of the rec-
ord at 100 sec.

5.4.2 Maximum Temperature Survey: Temp-
Tapes

In general, the Temp-Tapes on Engebi which
were mounted on the outside of the test article
with an angle of incidence approaching normal
to the blast were badly eroded by sandblasting.
This caused piercing of the aluminum-foil pro-
tective covering, thus exposing the tempera-
ture-measuring alloy foil to extreme oxidation
due to weathering. The edges of these adhesive
tapes were also burned, but this burning did
not reach the alloy patch in the center of the
tape. In other locations the adhesive which
held the tapes to the structure had softened;
this caused a number of the Temp-Tapes to
drop off the test ar‘’. -. The Temp-Tapes
on the windshield a..u .. ooy of the F-80 fuse-
lage had fallen to the floor uf the cockpit owing
to softening of the adhesive tape. None of these
effects destroyed the temperature record ex-
cept the oxidation of the alloys. No other
Temp-Tapes on Engebi were affected by ero-
sion or adhesive failure, and they performed
in the intended manner.

All Temp-Tapes on Muzin, Teiteir, and
Bokon were undamaged except for those in-
stalled on the cylinders on Muzin, These were
burned and sandblasted, but they did not fall
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from their position on the cylinders. These
particular Temp-Tapes were more normal to
the blast than other exterior installations on
Muzin.

All the temperature measurements made by
the Temp-Tapes have been assembled in Table
5.2, The lowest melting alloy used in the
Temp-Tape survey melted at 130°F. For re-
porting purpose, in all areas where no melting
was observed, even on the 130°F alloy, the tem-
perature was recorded as less than 130°F. The
following comments regarding measured tem-
peratures are numbered to correspond with the
measured temperature bearing the same num-
ber, enclosed in parentheses, in Table 5,2,

1. As may be noted, the measured tempera-
tures in these areas are higher on Bokon, range
16,614 ft, than those on Teiteir, range 12,000
ft. The explanation for the temperature being
higher at a more distant range is not given,
Theories are available and could be presented
to try to explain this phenomenon, but it ap-
pears that they are premature and without suf-
ficient foundation for presentation at this time.

2. The apparent consistency of temperatures
measured in this region is perplexing, If it
were due to a general rise in ambient temper-
ature, it should have been indicated in several
other areas, but there was no such indication.
It is quite possible that the test articles in-
volved were heated to these temperatures by
the sun during days prior to E-day and the
temperatures do not represent measured val-
ues from the test. However, these tempera-
tures were not recorded by Temp-Tapes oper-
ating under similar conditions in the same
locations on T-33 drone airplanes of Project
8.1,

3. It is apparent that some valuable data have
been gathered from temperature measurements
on these transparent areas; however, extensive
calibration will be necessary before these data
can be properly deciphered. Further investi-
gation of this type of temperature measure-
ments i8 in process.

4. The wheel-well area on the F-47 wing on
Engebi was not covered during the test. A num-
ber of the Temp-Tapes were exposed to direct
radiation and were burned and sandblasted be-
yond any possibility of reading. Those Temp-
Tapes that were shielded by the forward section
of the wing gave no temperature indication.
8ince the lowest-melting alloy was included in

this shielded group, it was apparent that the
shielded area did not reach 130°F,

5. These Temp-Tapes were burned and sand-
blasted beyond any possibility of reading. The
sand pierced the aluminum-foil protective
covering, exposing the alloy foil to the atmos-
phere, which resulted in severe oxidation of
the alloy foil; thus it was impossible to deter-
mine the temperature measurement.

6. These temperatures are listed as an in-
dication that the areas under investigation did
become heated. Little reliability should be ac-
corded the actual values of temperature meas-
ured in degrees Fahrenheit because the Temp-
Tapes were on the outside facing the radiation
source (see Sec, 3.6).

5.5 BLAST PHENOMENA

5.5.1 Angle-of-attack Variation with Time:
Vane-type Indicator

The angle of flow of the air behind the blast
front, defined as the angle of attack and con-
sidered as zero when the flow was parallel to
the plane of the earth, was measured only at
the 4,020-ft range (Engebi). At the 6,878-ft
range (Muzin) the dynamic response of the
instrument described in Scc. 2.5.1 was such
that no determination of the angle of attack
could be made. This response was of the na-
ture of a full-scale oscillation of the vane at
a frequency of approximately 5 to 6 cps.

The measured variation of the angle of flow
with time at 4,020 ft is presented in Fig. 5.586.
This figure indicates rapid fluctuations of the
angle of attack with an initial period of flow of
negative angle, i.e., downward in the direction
of movement of the air mass. This negative
indication was succeeded by a positive flow,
which in turn was succeeded by small oscil-
lations about the zero point. The oscillations
throughout this period were of irregular fre-
quency in the general range of 100 to 150 cps.
In Fig. 5.57 the curve of the angle of flow has
been averaged to eliminate these oscillations
and has been plotted for a longer period of
time. A negative angle of flow with a peak
magnitude of —6.6° {s indicated initially, fol-
lowed by a positive maximum of 1.1°, subsiding
at 125 msec to 0,4°. The angle of attack con-
tinued to decrease, reaching 0° at 400 msec,
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followed by a period of considerable fluctuation
as the positive-pressure phase weakened,

The use of the angle-of-flow information is
indicated by Fig. 5.29. Here the angle of flow
has been considered in its relation to the ¢
angle of incidence of rigid wing 102 at the
4,020-1t range (Engebi). Initially, therefore,
the flow about the wing started with a 9° angle
of attack. Superficial fluctuations have been
omitted, and the modified curve indicates a
negative angle of attack of the wing within 3
msec after initiation of the air-mass flow.

By 25 msec the flow was again at a positive
angle of attack for this wing model, and by 65
msec the flow was reasonably stable and was
such that the angle of attack of the wing was
substantially the same as the established angle
of incidence of the wing. A similar translation
of the angle-of-flow data may be required for
each wing model for the purpose of dynamic
analysis and may be easily accomplished by
adding the angle of incidence of the wing di-
rectly to the angle of flow of the air mass,

5.5.2 Angle oi Attack: Optical Method (Fastax
Camera)

At each of four sites the camera and allied
equipment operated successfully on E-day, with
the exception of the camera at Teiteir. Owing
to a malfunction of a delay timer, this camera
failed to start. Of the lights used to illuminate
the grids, approximately 66 per cent at Engebi
and 33 per cent at Muzin were damaged.

Film roll B-35-100-718, exposed at Engebi,
was not readable. The film was overexposed
by the fireball and was somewhat exposed by
radiation in spite of protection afforded by lead
bricks around the camera canister,

Film roll B-35-100-714, exposed at Muzin,
was somewhat overexposed by the fireball but
was readable. There was no photographic evi-
dence of the leading edge of a shock front, simi-
lar to the front photographed during a 10,000-1b
high-explosive blast on 27 October 1950 at the
Aberdeen Proving Ground which is described
in 8ec. 2,5.2 and illustrated in Fig. 2.28. The
overpressure at Muzin (approximately 3.4 psi)
was approximately the same as that at the
camera in the Aberdeen test.

A thorough search was made for the shock-
front phenomenon by viewing the film and by
producing contact negatives of a number of

frames on a very high-contrast film (Kodalith)
and enlarging two one-half frames to an 8- by
10-in. picture,

There was, however, an indication of the
passage of a blast front, depicted by a change
of film density of the ground in the lower right-
hand corner of the frames, This is shown by
comparing C in Fig, 5.58, recorded before
blast-wave arrival time, with C in Fig. 5.59,
recorded during the probable blast-front pas-
sage.

A sequence of events was observed when the
film was shown with a motion-picture projector.
The beginning of the film was overexposed or
washed out completely, and, after the grid could
be seen, the clouds in the background appeared
to compress slightly toward the left in the photo
and then moved to the left or away from ground
zero. This movement was very pronounced and
is shown pictortally by measuring from a verti-
cal reference point at A to a cloud position at B
in Fig. 5.58 and comparing the distance from A
to B in Fig. 5.60.

The cloud position at B was found to have
moved 3° 27’ away from ground zero before it
was obscured by dust. The indication of the
cloud movement is included in this report since
it may be of interest to some agency other than
this project.

After passage of the blast front, the ping-
pong balls, suspended between the grid wires,
traveled to the left for a distance of approx-
imately § in. The limitation on the travel of
the ping-pong balls was due to the wires used
to suspend the balls (see Fig. 2.31).

After the movement of the clouds and ping-
pong balls the camera field was obscured by
a heavy dust cloud. In the dust cloud objects
which probably were flakes of ofl-impregnated
sand could be seen moving through the camera
field and away from ground zero,

A study of film roll B-35-100-717, exposed
during the test on Bokon, indicated that every-
thing operated satisfactorily, The angle-of-
attack grid and the ping-pong balls were illu-
minated brightly by the artificial high-intensity
lights, whereas the background was quite dark.
As wag the case with the film on Muzin, there
was no indication of the passage of a shoc
front as recorded in the 10,000-1b high-ex-
plosive test. The sharp movement of the ping-
pong balls from right to left for an average
distance of approximately 6% in. in the film



was evidence that the camera was operating
when the blast front passed the camera and
test site. No dust could be seen moving through
the camera field on this film. From a study of
the photography of the high-explosive tests at
Aberdeen, it is felt that the photography was
adequate on Muzin and Bokon to have indicated
the passage of a sharp shock front if one had
been present.

5.5.3 Angle of Attack: Electronic-chronograph
Method

The results obtained from the electronic
chronographs approximate an isobar equivalent
to an overpressure of less than 0.1 psi. Based
on the original assumption that a shock front
would be recorded as an abrupt discontinuity,
that is, as having an infinite rate of rise from
the ambient pressure to the peak overpressure,
slight differentials in the minimum pressures
affecting contact of the blast switches would
not be evident in the final record. That this
condition did not exist is evident from the re-
sults obtained with the interferometer gauges
and with the high-speed motion-picture cam-
eras; hence the configuration determined from
the electronic counters is an isobar at some
distance (time) following the blast front.

When the re-entry party arrived, the auxil-
iary gasoline-driven electric generator was
still running. The chronograph equipment had
operated automatically from the relay time
signals, and a satisfactory record was obtained
by the recording system. Since the generator
was still running at full voltage, it was possible
to take a visual reading of the chronographs.
This reading was noted, and the later develop-
ment of the recording negative proved the two
to be identical. An enlargement from the re-
cording negative is shown in Fig, 2,36, The
corrected results are plotted in Fig, 5.61.

The data indicate a relatively large negative
angle of attack shortly after the arrival of the
blast wave, and the curvature is an indication
that turbulence existed or that the initial por-
tion of the blast wave did not form a uniform
surface.

5.5.4 Overpressure Variation with Time:
Interferometer Gauges

The interferometer gauges used to deter-
mine the variation of overpressure with time
were installed in a rectangular pattern, except
on Engebi, where only two gauges were installed
laterally, to bracket the test articles, This
multiple installation provided data in such a
manner that two to four records could be aver-
aged at each site. Where only three records
were obtained, owing to malfunctioning of one
gauge, the weighted average was taken by as-
signing a double value to a single gauge read-
ing. The average results at each test site are
plotted on two separate time bases. Figure 5.62
shows the overpressure variations for the posi-
tive and negative phases (7 sec), and Fig. 5.63
shows the variations on an expanded time axis
including only the first 200 msec.

The predicted overpressure values for the
estimated 60-kt bomb on which preliminary
plans were made and the values actually meas-
ured on Easy Shot are given in Table 2,2,

Of the 14 gauges installed for Project 8.2, 12
functioned properly. One of the four gauges
(91e) at Muzin and one of the four (92c) at
Bokon did not record satisfactorily. The re-
sults at Engebi are the averages of two records,
those from Muzin and Bokon are the weighted
averages of three readings each; and the results
from Teiteir are the averages of four gauges.
The plotted results have been smoothed out to
eliminate reflection blips and other slight
transient effects to portray the forcing function
acting on the test articles.



Chapter

6

Discussion

6.1 GENERAL CONSIDERATIONS

The broad mission of Project 8.2 was satis-
factorily accomplished. A large amount of data
and experience was accumulated on the effects
of an atomic explosion on aircraft structural
components and instrumented test models
mounted on the ground at various ranges from
the point of bomb detonation.

In general, the actual damage sustained was
far less than that predicted prior to the detona-
tion. Even at 4,020 {t from ground zero, test
articles were not demolished, although three
small airfoils and one structural wing model
were damaged, Original intentions were to
bracket the optimum test range by having four
identical installations at various distances from
the shot tower. However, owing to the actual
nature of the blast phenomena, the largest
amount of data was accumulated on Engebl,
range 4,020 ft. The decay of the forcing func-
tion at greater ranges was sufficient to limit
the measurable responses of some of the in-
strumented test articles, Structural damage
was apparent only at the nearest site (4,020 {t).

Qualitative observations indicated that from
a 50-kt bomb the thermal radiation was suffi-
ciently intense, at least up to 16,000 ft, to start
fires in fabric and possibly other nonmetallic
aircraft components at relatively low angles of
incidence to the source. From an operational
standpoint the harard to the fabric-covered
control surfaces is at once apparent. If low-
altitude drops were attempted by bombardment
aircraft, loss of the lower fabric on control
surfaces, such as elevator and aillerons, would
be expected. Also crew members exposed at
transparent windows might be seriously af-
fected. The effect of differential -pressure load-

47

ing of present aircraft at close ranges varied
from moderately severe damage to bomber -type
fabric-covered control surfaces to very slight
panel buckling on fighter-type wings, fuselages,
and metal-covered control surfaces at a range
of 4,020 {t from ground zero. Even at this
range the effects of differential pressure alone
acting on an aircraft structural component at a
zero angle of incidence were not sufficient to
prevent further flight, However, it must be
pointed out that the combined effects of side-on
loading and differential pressure combined with
the velocity and inertia of the aircraft may
produce severe damage to major structural
components under certain conditions. The point
being emphasized is that overpressures up to
10 psi when applied progressively to conven-
tional combat aircraft structures at zero inci-
dence are not sufficient in themselves to cause
the loss of the aircraft, although noticeable’
local damage will occur.

6.2 WING MODELS

Each item of measured data from the rigid-,
structural-, and swept-wing models was con-
sidered separately for significant points, maxi-
mum values, frequency patterns, and spurious
indications. Each item was then considered in
relation to the other data, and multiple curves
showing comparisons, combinations, averages,
and integrations were plotted. The most im-
portant curves and combinations of curves
were selected on a basis which included at
least one direct graph of all the data considered
accurate and of those combinations of graphs
which appeared most significant. Various time
scales were chosen as the abscissas of these

R



graphs, for most of which the units of time are

in milliseconds, i.e., 107" sec. The more ex-
panded time scales were selected to present
the material in the most accurate manner for

use in the dynamic analysis. The less expanded
scales were chosen to show frequency relations,
decreasing magnitudes through the end of the
positive -pressure phase, and other character-
istics having significant changes over a longer
period of time. Whenever more than one re-
quirement governed the selection of time
scales, graphs of each were drawn; therefore
duplication of certain items of data is notice-
able in the group of figures presented. To
facilitate cross reference, Tables 6.1 and 6.2
list the figures on which the time scales and
other data are plotted for each quantity.

Except for the temperature data, time zero
for each item of data has been chosen as the
time of arrival, at the wing model containing
the sensing unit, of the first measurable dis-
turbances in the blast front. This, then, differs
from time zero for detonation of the atomic
bomb by the length of time required for the
blast front to traverse the distance from the
point of detonation to the location of the wing
model in question. For the temperature data,
time zero has been chosen as the time of the
first measurable change in temperature of the
outside -skin gauges. Because of the very low
thermal inertia of these gauges and because of
their direct exposure to thermal radiation, it is
felt that this is equivalent to time zero for
detonation of the atomic bomb within the limits
of accuracy of the time base of the recording
system, i.e., +'; msec.

Although the information presented here in-
cludes all items of data which were Buccess-
fully measured and represents a completed
report of the measurements themselves, the
information is preliminary in the sense that
evaluation of its significance and of its con-
formity with theoretical concepts has not been
completed. This evaluation will follow the
completion of theoretical studies of the forcing
functions based on overpressure data and on
the analysis of dynamic loading of the struc-
tural and swept wings. These theoretical
gstudies will be compared with the test results
reported here for the observance of simflari-
ties and discrepancies. The exact form and
distributions of this final evaluation are un-

known at the present time. The further state-
ment may be made that the data, as presented
here, give considerable promise of successful
comparison with theoretical concepts and that
considerable significance may be added to the
data by this comparison,

One possible discrepancy in these data, not
otherwise noted, is an abrupt positive or nega-
tive displacement of the record trace peaking
at 34 to 35 msec, followed by an equally abrupt
return of the trace to its previous position,
which occurs on all records at the 4,020-{t
range, except the record of 1ift on the 8° wing.
It does not appear reasonable that any physical
phenomena of the blast wave could have been
responsible foi' this record displacement;
therefore the nost logical explanation for this
occurrence is that it is a malfunction of the
recording system at the 4,020-ft range. This
affects only the part of each record at which
the abrupt displacement occurs and therefore
i8 not considered significant in the over-all re-
duction of the data.

6.2.1 Rigid-wing Models

The rigid-wing models were designed with
an inherent high stiffness so that bending de-
flections would be negligible during loading and
records obtained would define the forcing func-
tion without complications introduced by bend-
ing deformations. The duta obtained from these
wing models indicated a more rapid build-up of
the forcing function than was predicted prior to
the test. Indications are that the response
characteristics of the rigid-wing models, as
determined by the balance systems and the
spar extensions, were considerably affected by
the excitation of the natural frequency of these
components. This occurred because the natural
frequency was not sufficiently separated from
the hypothetical frequency of the forcing func-
tion (extrapolated from the first-quarter cycle
of the forcing function indicated by the differ-
ential -pressure build-up). The fundamental
frequency of the balance system, including the
spar extensions, should be on the order of 10
times greater than that of the forcing function,
and yet the system should be sufficiently flex-
ible to produce a large strain-gauge output.
Modification of spar ends and the balance sys-
tem appears to be necessary to achieve these
results.
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The forcing function, defined as ‘lLift”
throughout this report, was actually measured
as normal chord force, The error introduced
if the data are considered as lift force normal
to the relative wind is of the order of 0.5 per
cent, which is negligible in view of the over-
all accuracies indicated in Table 4.1.

The calculated lift for the 9° rigid wing at
each range was approximately as follows:
2,160 1b at 4,020 ft; 345 1b at 6,878 ft; 56 1b at
12,000 ft; and 21 1b at 16,614 {t. For the 6°
rigid wings, the equivalent figures were as
follows: 1,440 Ib at 4,020 ft; 230 1b at 6,878 ft;
37 Ib at 12,000 ft; and 14 Ib at 16,614 ft. The
calculated times required to attain these lifts
after the arrival of the blast front at each
range were as follows: 47 msec at 4,020 {t; 87
msec at 6,878 ft; 120 msec at 12,000 ft; and 170
msec at 16,614 ft. These calculations were
based on the overpressure data obtained from
the interferometer gauges.

The record of lift for the 9° rigid wing at
Engebi, presented in Fig. 5.8, has three areas
in which the record is subject to question.
Thesge areas each have a large negative peak,
which is seemingly impossible in view of pres-
ent theories on the lift function. Therefore the
function has been estimated for these arecas,
and this estimated curve has been included in
Fig. 5.8 with the original curve. Both curves
are dotted in the area of uncertainty. Since
these areas coincide with the probable time of
occurrence of the maximum lift, the magnitude
of the maximum lift is also somewhat uncertain.
However, no substantial alteration of the esti-
mated curve seems justifiable on the basis of
current information. The record of lift for the
6° rigid wing at Muzin, although somewhat ob-
scured by excitation of the fundamental fre-
quency of the balance system, presented a value
of maximum lift (340 1b) closely approximating
the maximum calculated 1ift (345 1b) although
somewhat less than the originally predicted
results.

The attempt to bracket the lift conditions at
the test sites resulted in balance systems at
Teiteir and Bokon with full-scale ranges of
measurement from 700 to 1,400 per cent
greater than the maximum 1ift conditions en-
countered at those ranges. This, together with
the excitation of the balance-system frequency
and the fact that winds of velocity sufficient to
produce the same magnitude of 1ift existed in
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the area, elinnnated any conclusive interpre -
tation uf the record, except that the hit meas-
yrements were of the order of magmitude pre-
dicted.

The angle of flow of the air mass at the
4,020-ft range, as presented in Figs. 5.56 and
3.57, may be used to interpret, analyze, or
modify the lift results presented. The defin-
tion of the lift functions thus obtained may be
compared with calculated lift functions to check
current theories and may further be used as the
starting point for the calculation of the theo-
retical dynamic loads on the structural- and
swept-wing models.

A qualifying occurrence in the differential-
pressure records for the rigid wings at Engebi
was the presence of excessive oscillation of the
base, or zero-pressure-differential, line prior
to and during the records. This occurred on
only the one group of recorder channels at this
one site and was determined to be a malfunc-
tion of the magnetic -tape recorder. Since these
cycies were repetitive and were within the full-
scale limits of the record-reproducing systen,
an adjusted zero line was drawn in the record
section, and all displacements were measured
from this line, as shown in the figures of the
original records presented in the report. Ad-
mittedly this method is subject to error; how-
ever, the error is quite small in the region just
after the arrival of the blast front, which is the
most important region from the standpoint of
dynamic analysis.

The one measurement of differential pres-
sure at the 80 per cent chord point, namely, the
record of that point on the 9° rigid-wing model
at the 4,020-ft range, varied markedly f.om
theoretical predictions and in so doing sharply
affected most of the information based on the
pressure-differential records. By being five
times larger than predicted in the initial stages,
this point increased the total lift measured by
the pressure method since the single point of
measurement controlled the envelope of the lift
vectors aft of the 40 per cent chord point, i.c.,
over half the wing chord. Similarly this point,
with its long moment arm about the 25 per cent
chord point and with its large magnitude, exerted
major influence both on center -of-pressure
movement and on variation of pitching moment.

After 85 msec this differential pressure at
the 80 per cent chord point assumed more
reasonable values; 8o, in the picture of average
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chordwise pressure distribution (Figs. 5.26 and
5.27), the pressure at the 80 per cent chord
point eventually drops gradually when averaged
over the first 100 msec, reaching predicted
patterns of chordwise distribution.

The variation of lift with time, as determined
by integration of the differential pressures,
differed considerably from the lift function
presented by the balance system. This was
considered in view of ti. statements in the
preceding paragraphs, giving rise to the belief
that the balance-system lift is more accurate.
However, it is felt that the pressure-system
measurements may aid in the interpretation of
the forcing functions as measured by the bal-
ance system.

6.2.2 Structural-wing Models

The purpose of the structural-wing models
was to provide a dynamic test article having a
fundamental natural bending frequency equiva-
lent to that possessed by current fighter air-
craft wings. The necessary design compro-
mises for ease of fabrication and handling and
for resistance to the maximum overpressure
predicted (10 psi) resulted in a wing with a 7-ft
span, a 2-ft chord, and a skin of 0.051-in. alu-
minum alloy. The combination of thick skin and
short span resulted in a structural model with
a higher natural frequency than desired. Con-
sequently it was necessary to install 280 1b of
lead weights inside the wing model to reduce
the bending frequency to the desired magnitude
(3.8 cps). These weights were distributed
spanwise with their chordal centroids near the
torsional neutral axis sv 2s not to alter ma-
terially the torsional frequency.

The first noticeable deflections of the record
traces from the structural wings at Engebi in-
dicated large stresses at higher frequencies
than either the first- or second-mode frequen-
cles of the wing structure described in the pre-
ceding paragraph. Because of the irregularity
in magnitude and frequency of these apparent
stresses, no explanation drawn from present
theory readily accounts for this phenomenon.
The most logical interpretations of these de-
flections carry the implication that the deflec-
tions were spurious in the sense nf being an
accurate measure of bending stresses in the
structure. These interpretations include a
consideration of strain-gauge output based on

focal, random deflections of the structure, in-
duced by the overpressure effects at the be-
ginning of the blast wave. These local deflec-
tions, if of unequal magnitude and ‘or if out of
phase at the gauge locations of each bridge,
will produce different strains at each gauge
location, resulting in an unbalance of the strain-
gauge bridge, which would be recorded as a
deflection of the record trace. Since the local
deflections of the structures would be of small
radius and correspondingly of high {requency,
this theory is at least plausible although un-
proved. Other equally plausible theories may
be advan.ed for this characteristic of the rec-
ord traces.

Except for the indications described in the
preceding paragraph, the record trace deflec-
tions qualitatively indicated agreement with the
theories of dynamic analysis with regard to the
existence of first- and second-mode bending of
the structures at predicted frequencies.

Although the maximum bending at the 12,000-
It range was too small to be evaluated quanti-
tatively, the record indicated good agreement
with theoretical predictions of the order of
magnitude and the frequency of the bending
stress,

The shear record at the inboard station of
the 6° wing at the 4,020-t range, presented as
the only structural-wing shear successfully
measured, is subject to question in its indica-
tion of the first cycle of second-mude vibration.
The shear stress indicated in this cycle is
much larger than would be possible when viewed
in the light of a general knowledge of dynamic
analysis. Further limitations affecting this
record include those considerations which
eliminated adequate records of shear at other
stations.

6.2.3 Swept-wing Models

The purpose of the swept-wing models was to
provide a test article for the determination of
the effzcts of sweepback on the dynamic loading
produced by the blast wave. To accomplish this
purpose, it was required that the swept wing
have natural bending frequencies equal to those
of the structural-wing model. The same design
compromises as in the case of the structural
wing resulted in similar proportions for the
swept wing, again requiring the addition of lead
weights to the wing to reduce the first natural
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bending frequency to the desired magnitude /3.8
cps).

The first deflections of the record traces
from the swept wing at Engebi exhibited high-
{requency stresses similar to those observed
for the structural wings., However, certain
phase relations, possibly accidental, existed
for these high-frequency stresses in the case
of the swept wing. In spite of these phase re-
lations, no applicable theory was found to justi-
fy the acceptance of these measurements as an
indication of the actual stresses in the wing
model. One of the seemingly logical explana-
tions for this indication of stresses is the as-
sumption of local deflections of the structure
by the overpressure effects, as described for
the structural-wing models.

As in the case of the structural-wing instal-
lation, the bending moments for the swept wing
at Teiteir were too small to be evaluated
quantitatively. However, these records also
indicated agreement with theoretical predictions
of the order of magnitude and frequency of the
bending moments,

The record of bending moment at the inter-
mediate station of the swept wing at Muzin i8
lower than would be expected on the basis of
general knowledge of dynamic loading. There-
fore, although no apparent source of error ex-
ists, these data must be considered question-
able until correlation with theory can be
established. For this reason these data have
not been presented in comparison with other
similar quantities.

6.3 INSTRUMENTATION

The original visual reproductions of the
magnetic-tape recurds have been photographed
and are preserted in reduced form in Figs. 6.1
to 6,12, In this manner the significant {requen-
cles, variations, and characturistice of each
measurement may be observed without the un-
avoidable small changes introduced by a man-
ual transformation of the records into graphical
form. The time scale has been indicated on
each record. The ordinate scale is indicated by
“calibrate-plus” and “calibrate-minus” desig-
nations, The magnitude of the measured quan-
tity for a trace deflection equal to the displace-
ment of the calibrate signal is presented in
Table 4.1 for use with these records. A trace

deflection of any given percentage of the dis-
placement of the calibrate signal indicates a
corresponding percentage of the maygnitude of
the measured quaatity at the calibrate signal,
e.g.. a %3-in. trace deflection on a record with
a calibrate-p-.-s displacement of 1 in., veing 50
per cent of calibrate plus where calibrate p us
is equal to 1,000 lb, would indicate a loading of
500 Ib. All records obtained are included in
these figures, even in those cases where the
records were not graphically reproduced.

The accuracy of the records and of the data
reported therefrom is governed by the following
considerations. A detailed study on the accura-
cy of the magnetic-tape recorder has never
been made. The first recorders for this proj-
ect did not arrive until mid-fall 1850; so no
time was available to conduct such a study.
However, an effort has been made to determine
the approximate errors in the data presented in
this report. A conservative estimate of the
error was made in all cases, {.e., the maximum
error was assumed.

A mechanical error of 1.5 per cent was as-
sumed fcr the combination of recorder and
v.sual reproducer (manufacturer’s estimate, 1
per cent). The distinct operations of calibra-
tion with test loads, recording of test data, and
the uge of the ratio relation between the re-
corded signal and the calibrate signal result in
a total mechanical error four times 1.5, or 6
per cent. The human errors involved in the .e-
duction of the calibration and test records from
the visual reproducer also had to be quadrupled
to obtain the rnaximum human error. ‘iuis er-
ror variea accurding to the actual deflections
in the visual reproduction. The magnitude of
the measured quantity, which was equivalent to
100 per cent of the calibrate signal, was multi-
plied by the total of these two errors, e.g., if
the total of the two errors was 10 per cent and
the measured quantity at 100 per cent of the
calibrate signal was 2,000 lb, the error, 10 per
cent of 3,000 1b, was 200 ib.

Following the above computations the as-
sumption was made that a normal distribution
of error occurred, i.e., that the maximum er-
ror as calculated above applies to 99.7 per cent
of the results, defined as three Z. Table 4.1
lists the maximum errors for one, two, and
three L, equivalent to the maximum errors
present in 67, 95, and 99.7 per cent of the test
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data. All the calibration data points were not
tabulated; 8o no valid statistical method existed
for the determination of the maximum error of
the calibration curves. However, these curves
were the best straight lines through the test
points, and it is felt that the maximum error in
calibration was less than reported.

6.4 ANGLE OF ATTACK OF BLAST WAVE

All the records obtained from the blast wave
indicate initial turbulence. The vane-type indi-
cators produced continuous records of the flow
pattern, each at a specific point, whereas the
electronic chronographs produced a vertical
profile at a single time., The high-speed motion
pictures showed no evidence of an abrupt shock
frort.

6.4.1 Vane-type Angle-of -attack Measurements

The original assumption that the flow of the
air mass behind the shock front was perpendic-
ular to the shock front, which was in turn per-
pendicular to the plane of the earth, vas not
verified by the vane-type angle-of-attack
measurements. Dubiousness concerning the
validity of this assumption was actually the
reason for the introduction of the vane-type
angle-of -attack measurements in the last
stages of the test program. Three major prem-
ises of the original assumption were not con-
firmed by the test data. The first premise
lacking verification was the existence of a
shock front, behind which the flow pattern would
form. To support the remainder of the assump-
tion, some igobar of the pressure front must be
selected to replace the shock front. If the iso-
bar selected is the one measured by the elec-
tronic chronograph, then the second premise,
that the pressure front was perpendicular to
the plane of the earth, was not confirmed. Then,
if the flow immediately behind this pressure
front is perpendicular to the isobar selected,
several directions of flow at various angles to
the plane of the earth are indicated. Since it is
not reasonable that these directions could be
maintained in the flow farther behind the pres-
sure front, some degree of turbulence must be
conceded. The indications of the split-triangu-
lar-vane indicator at Engebi confirmed the fact
that the flow behind the blast front was not
parallel to the plane of the earth and was con-

siderably turbulent. However, the average flow
during the central part of the positive-pressure
phase was nearly parallel] to the plane of the
earth.

Although no final analysis has been made of
the effects and influence of these changes in the
angle of flow on the wing models, an apparent
correlation exists between the angle of attack
and the pitching moment of the 9° rigid wing at
Engebi, as shown in Fig. 5.28.

6.4.2 Electronic-chronograph Angle-of-attack
Measurements

Initially the electronic chronographs were
adopted to serve as a check on the high-speed
motion-picture method of determining the angle
of attack when the exposure illumination ap-
peared to be a critical factor in the photo-
graphic method. According to the information
available during the planning phase of Opera-
tion Greenhouse, an abrupt shock front was
supposed to precede the mass of high-velocity
air, and the velocity vectors were assumed to
be perpendicular to the shock front; hence it
would be necessary only to determine the in-
clination of the shock front to find the true
angle of attack of the wing models with respect
to the flow,

The high climatic winds at the test site made
it necessary to set a sufficient gap between the
diaphragm and the contact point of the blast
switches to prevent accidental triggering. Since
the pressure rise at the shock front was theo-
retically instantaneous, this gap setting was
not considered sufficient to compromise the
test results.

Evidence from other ground-test instruments
clearly indicate» that a shock front did not ex-
ist in the immediate vicinity of the teat sites.

The record from the electronic chronographs
defines an isobar shortly behind the initial
pressure rise. The positions of the measured
points shown in Fig. 5.61 indicate substantial
turbulence in the blast wave front and/or ir-
regularities in the “spherical” blast envelope.
Upon subsequent repeated test runs in a shock
tube the blast switch from the 4-ft level was
found to be excessively erratic, and therefore
no value is given to the measurement at this
height. It cannot be assumed that the true
shape of the isobar is a regular smooth curve
through the points measured since the large
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vertical spread does not define local irregu-
larities. Because of the slow rate of pressure
rise, the precision of this method is subject to
question.

To properly record turbulence in the blast
wave, continuous-type records should be made
in the immediate vicinity of the test articles to
define properly the flow variations in the high-
velocity air.

The desirability of a photoelectric triggering
system for the electronic chronographs could
not be realized owing to the time !imitations
when this method of angle-of-attack determina-
tion was introduced. It is possible that the rate
of overpressure rise was too low to actuate
photoelectric triggers had they been used. Fur-
ther investigation i8 necessary to substantiate
the limitations of photoelectric triggering sys-
tems.

6.4.3 Optical Angle-of-attack Determination

The optical method utilizing high-speed
motion-pictare photography and refraction
through the shock front was proved during high-
explosive tests conducted by Project 8.2 at
Aberdeen Pruving Ground in 1950,

Results from Easy 8hot of Operation Green-
house indicated that no shock front existed in
the vieinity of the ground. The film exposure
and the image definition were sufficiently clear
to portray the phenomenon 1if it had occurred.
The passage of the high-velocity air was clear-
ly indicated by the motion of ping-pong balls
suspended in the camera field.

Additional investigations are required to es-
tablish the true nature of the blast phenomena
at various altitudes.

6.5 VENTING OF AIRCRAFT STRUCTURES

The evaluation of results of other blaat tests
with small high-explosive charges indicated
that local structural damage would occur at
relatively low overpressures, probably starting
at about 1%, psi for large aircraft and at slight-
ly higher overpressures for fighter aircraft.
Operation Crossroads indicated the severity of
side-on loading. The alrcraft structural com-
ponents exposed on Operation Greenhouse were
oriented to minimize the effect of side-on load-
ing in order to study the effects of overpres-
sure,

The relieving effect obtained by venting the
structural test articles was studied on three
different configurations: small airfoils, small
cylinders, and the outer wing panels of fighter
aircraft (F-47). The small airfoils and cylin-
ders were vented through the outer surfaces.
However, the airfoils and cylinders were too
rigid, and no blast effects were observed on
these articles. The fighter wing panels were
vented internally between all compartments and
to the exterior through holes in the flap and
aileron closing spars. No significant difference
in damage was observed. Both the vented and
unvented wings sustained slight local damage
as evidenced by the inward buckling of the skin
between ribs and stiffeners.

Because of the simplicity of the small air-
foils and cylinders this method should be im-
proved and expanded in future investigations.

8.6 GROUND SHOCK

The adverse effects of ground shock on the
models and the instruments were considered
throughout the planning phase. The ground
shock was expected to arrive at the test sites
considerably ahead of the blast wave. Damage
to the instruments was prevented by shock
mounting on foam rubber in addition to the
standard shock mounts integral with the instru-
ment cases.

Since the recorders were started at H-hour
minus § sec, if the ground shock was of suffi-
cient strength, its effect on the test articles
would be recorded on the magnetic tape.

When the records were played back in a
visual form, it was found that only the moment
channel (most sensitive) of rigid wing 102 at
the 4,020-ft range (Engebi) showed the effects
of the ground shock. The effects were of low
magnituce, the peak value being 15 per cent of
the moment reaction produced by the blast
wave. The ground shock at the 4,020-ft range
preceded the blast wave by 1.28 sec. The
ground shock did not interfere with any of the
test articles or instruments in the performance
of their intended functions.

6.7 FABRIC-COVERED STRUCTURES FOR
AIRCRAFT

Fabric-covered aircraft structures are
critical with regard to damage in the field of an
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atomic bomb burst at ranges at least up to
16,600 ft (based on a 50-kt bomb) because of
therma! effects. The minimum range at which
no damage would occur was not determined
since evidence at the farthest site of Project
8.2 (16,814 it) showed that fabric combustion
temperatures had been reached on sandbags.
The screening of the supporting structure was
sufficient to protect the low-incidence region of
the fabric-covered (B-17) elevators at all
sites, although at the 4,020-ft range (Engebi)
the skin at a high angle of incidence, which
projected beyond the supporting structure, was
severely burned. If the large fabric surface
had been normal to the incident radiation, se-
vere thermal damage could be expected even at
the 16,614-ft range (Bokon).

The overpressure (9.5 psi) at the 4,020-ft
range severely crushed the ribs of the fabric-
covered elevator without significant damage to
the fabric except for one tear which propagated
from a small (% in. diameter) hole which had
accidentally been punched in the fabric prior to
shot time. Although the structural damage was
severe, the elevator might have been able to
return an aircraft safely to the ground if no
abrupt maneuvers were attempted. However,
operational plans should include the effects of
thermal radiation, side-on loading, gust loads,
physiological capabilities of the crew, and the
effects on volatile combustible liquids within
the aircraft. Additional tests involving com-
plete aircraft are necessary.

8.8 TEMPERATURE VARIATION WITH TIME

To obtain reliable data from the gauges for
recording temperature variation with time,
these gauges had to be balanced at a tempera-
ture equal to the ambient temperature at H-
hour. A study of day-to-day temperature charts
of the area revealed that the temperature for
corresponding morning hours on consecutive
days did not vary more than 1°F. Therefore all
temperature gauges were balanced just 24 hr
prior to H-hour.

The official weather record reported 81.7°F
at 0800 on E-day. It has been assumed on the
basis of available information that the ambient
temperature at 0630 (approximately H-hour)
was 80°F. Since the ordinate for all tempera-
ture curves was in terms of change in temper-

ature, this ambient temperature, 80°F, must be
added to the reported temperatures to obtain
the total structural temperatures in degrees
Fahrenheit.

Since the heat from the bomb passed from
the outside skin surface to the inside skin sur-
face and then to the spar web, the temperature
records will be discussed in the same order.
The events on each record will be considered
chronologically following time zero.

The external -skin-surface gauges on both
Muzin, 6,878 ft, and Teiteir, 12,000 ft, experi-
enced irregular temperature rises during the
first 0.2 sec, as shown in Fig. 5.53. The gauge
on Muzin exhibited three distinct heating
slopes, whereas that on Teiteir showed only
two during this period. However, the following
factors are worthy of consideration; actual
fluctuation in the source, variation with time
and distance of the transmissibility of the at-
mosphere, and the physical properties of the
wing.

The time to reach maximum temperature for
both the external-skin-surface gauges was 0.4
sec. Since these gauges were on structural
wings, 6,878 and 12,000 ft from ground zero, it
appears that the rise time to peak temperatures
on the external skin surface was independent of
range. This is, of course, reasonable in view
of the known propagation characteristics of the
thermal radiation. The maximum increases in
temperature attained by the two external-skin-
surface gauges were 87°F at Muzin, 6,878 ft,
and 27°F at Teiteir, 12,000 ft. The ratio of
these temperatures very closely approximated
the square of the inverse ratio of their respec-
tive distances from ground zero, Therefore a
graph of the variation of temperature with dis-
tance was plotted, and the curve following the
inverse-square ratio was drawn through these
test points (see upper curve, Fig. 6.13). From
this curve the following peak changes in tem-
perature may be read for the points of a 25°
angle of incidence on the outside skin surfaces
of the structural wings: 139°F at Engebi, T4°F
at Muzin, 24°F at Teiteir, and 9°F at Bokon.

After the initial peak the temperature of the
external skin surface dropped rapidly until at 2
sec the gauge at Muzin read 48°F and that at
Teiteir read 17°F. Siice the external-skin-
surface gauges measure the temperature at the
outermost layer of skin, it appears that this
layer reaches considerably higher tempera-
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tures than the main portion of the skin and then
very quickly loses this high temperature
through heat conduction to the cooler inside
skin surf{ace.

At approximatcly 2 sec both external-skin-
surface gauges showed another rise in tem-
perature (Figs. 5.52 and 5.54). The second in-
crease at Muzin indicated a temperature rise
lasting 1.7 sec with a peak increment of 3°F,
whereas that at Teiteir indicated a temperature
rise lasting 0.7 sec with a peak increment of
1°F. The magnitudes of these temperature
rises are very small and are possibly insignifi-
cant, but they do exhibit a ratio similar to that
of the peak temperatures measured by these
gauges. The cause of these temperature rises
is unknown; however, the realm of speculation
includes the possibility of a variation in the
thermal radiation of the fireball.

After 4 sec both external skin surfaces
cooled at a steady rate until at the end of 100
sec the gauge at Muzin read 15°F above the
original ambient temperature, l.e., 22 per cent
of peak value, and the gauge at Teiteir read 8°F
above ambient temperature, or 22 per cent of
peak value. It is of interest to note the excel-
lent correlation in both time and magnitude of
these temperatures of the two external skin
surfaces, In every case the heating and cooling
slopes at Muzin were slightly steeper than the
corresponding slopes at Teiteir, where the
radiant energy per unit of area was less be-
cause of the greater range. In addition the
ratio of the maximum temperature increases
was in reasonable agreement with theory.

It is interesting to note that, since the ther-
mal radiation of the bomb was directed against
the leading edge of the wing models and since
the angle of incidence to this radiation of the
wing surface decreased from 80° to less than
10°, progressing aft on the chord, a sharp
chordwise temperature gradient was developed.
The effects of this gradient are unknown at this
time. However, it is not believed that it ap-
preciably affected the external-skin-surface
temperature at the point of measurement dur-
ing the first 2 sec.

The maximum temperature rise on the ex-
ternal skin surface probably occurred at the
point where the surface was normal to the in-
cident thermal radiation. However, no meas-
urements were made at this point. In order to
obtain these maximum skin temperatures at

each site, the temperatures for each range,
given by the upper curve of Fig. 6.13, were
divided by the sine of 25, This division, in
effect, transformed the angle of incidence to
90°. The maximum skin temperatures, as cal-
culated by this method, were 329°F at Engebi,
175°F at Muzin, S7°F at Teiteir, and 21°F at
Bokon.

The internal-skin-surface gauge exhibited a
sharp rise to 21°F in | sec (Fig. 5.54). If this
rate of rise had continued, the temperature on
the inside skin surface would have equaled the
temperature on the outside skin surface in ap-
proximately 2 sec. It is possible that the initial
heating slope corresponded to that of a simple
aluminum plate 0.051 in. thick at a 25° angle of
incidence.

The rate of increase in the temperature of
the internal skin surface was markedly reduced
after the first second but continued to increase
until at 11.5 sec the temperature of the internal
and external skin surfaces were both equal to
39°F. After this point the temperature of the
internal skin surface exceeded that of the ex-
ternal skin surface and finally reached a peak
of 43°F at 22 sec. This peak is 85 per cent of
the maximum temperature of the corresponding
point on the external skin surface. A zero shift
may have occurred at 13 sec in the record of
the internal -skin-surface gauge. This possible
variation was not considered significant since
the general shape of the curve after 13 sec was
believed to be valid and the maximum deviation
in the magnitudes of the ordinates was a re-
duction of not more than 3°F. The middle curve
of Fig. 6.13 was drawn through the peak tem-
perature registered by the internal-skin-sur-
face gauge and is intended to approximate this
peak temperature for the wing models at the
various test sites. Since no other readable
records were obtained for the internal gauges,
the ratio of internal to external peak tempera-
tures at Muzin was projected to the other test
gites.

It is noted that, after the maximum internal -
skin-surface temperature had been reached,
both the internal and external skin surfaces
cooled at approximately the same rate, the in-
ternal temperature being slightly higher than
the external temperature (Fig. 5.85). The ex-
ternal skin surface was exposed to the prevail-
ing winds. The temperature of the internal skin
surface at the end of 100 sec was 19°F, or 44
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per cent of the peak temperature of this sur-
face.

The spar-web temperature increased 6°F in
3 sec (Fig. 5.54). After this time the tempera-
ture continued to increase at a lesser rate until
at 23 sec the increase was 12°F; thereafter the
temperature remained constant to the end of
the record. The lower curve in Fig. 6.13 was
drawn through the peak spar temperature at
Muzin. This curve was extended to include all
sites by using the same ratio of peak spar
temperatures to peak external-skin-surface
temperatures as that measured by the temper-
ature gauges at Muzin, thus representing an
approximation of the spar-web temperatures of
the structural-wing models at each site.

One of the important factors governing the
low internal temperatures obtained from this
test was the attitude of the wing models; i.e.,
the wing models were so positioned that the
leading-edge section received the direct ther-
mal radiation of the bumb. As a result there
was a large area of relatively cool wing sur-
face compared to the small area of heated wing
surface.

Practically no correspondence existed be-
tween the locations of the Temp-Tapes and the
locations of the temperature-vs-time gauges;
however, such correlation as could be effected
did not indicate conflicting data in any case.
Two sets of Temp-Tape measurements were
made on the structural wings: the lower inter-
nal skin surface 2 in. aft of the forward spar
and the aft face of the forward spar web, The
Temp-Tape measurements on the internal skin
indicated no peak total temperatures higher
than 132°F. The values of peak internal-skin-
surface temperatures from Fig. 6.18, plus the
ambient temperature of 80°F, did not conflict
with these Temp-Tape records when trans-
posed to the proper angle of incidence.
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One set of internal- and external-skin-sur-
face measurements from the Temp-Tapes was
similar to the internal- and external-skin-
surface peak temperatures obtained from the
temperature-vs-time gauges. In this set the
inside surface of the upper wheel-well area of
the F-47 wing reached a peak temperature of
180°F, and the outside skin surface just inboard
of the gun-inspection door registered 225°F,
thus giving a ratio of the peak temperature of
internal to external skin surfaces of 0.80, as
compared to 0.85 obtained from the tempera-
ture-vs-time gauges.

6.9 RE-ENTRY

In order to provide information for future
problems of re-entry into areas which have
been subjected to an atomic bomb explosion,
the experience of the re-entry party of Project
8.2 is cited here. Approximately 3% hr after
the detonation of the Easy Day bomb the 16,614-
ft test site was revisited, the data records were
collected, and visual observations were made.
No Project 8.2 test site was restricted by the
radiological safety control group because of
radiological hazards. The three other test
sites were visited successively, and the collec-
tion of data and observation notes was com-
pleted. According to the film badges worn by
each member of the re-entry party, the total
dosage was approximately 1 r for an approxi-
mately 6-hr exposure; however, pocket elec-
troscopes showed a dosage of 2to 3% r. It is
interesting to note that at the two greatest
ranges, on opposite sides of the point of deto-
nation, 12,000 and 16,614 ft, the residual radi-
ation was greater than at the two nearer test
sites, 6,878 and 4,020 ft. The test articles did
not exhibit any greater radioactivity than the
general background.



Chapter 7

Conclusions and Recommendations

7.1 CONCLUSIONS

The following conclusions are based on the
test conditions as set forth in this report. The
more important of these conditions are listed
here in order that they may be foremost in
mind when the conclusions are read:

1. An approximately 50-kt bomb was ex-
ploded 300 ft above ground on a steel tower.

2. All test articles were anchored to the
ground and therefore were not.subjected to
flight loads.

3. All test articles were mounted with a
small frontal area, normal to the incident ra-
diation as compared to the considerably larger
area parallel to the axis of propagation.

It 18 concluded that:

1. Even though the test articles were ori-
ented to minimize the side-on blast loads, the
damage sustained was considerably less than
that predicted by all concerned.

3. The ground shock did not appreciably
affect the functioning of the models, other test
articles, or the electronic equi-ment.

3. Automatically operated (20 to 24 hr)
portable generators can be su.cerssfully uti-
lized as a primary power source at a range of
4,020 ft with relatively minor revetment in-
stallation. The portable generators utilized at
ranges of 4,020 and 6,878 {t received only neg-
ligible damage.

4. In general, the singular effect of over-
pressure up to 9.5 psi applied to aircraft struc-
tures at zero angle of incidence (no side-on
loading) does not appear to be sufficiently dam-
aging to cause loss of present combat aircraft,
Primary aircraft structures of conventional
design, as exemplified by the F-80 fuselage,
F-47 wing, and F-47 metal-covered control

surfaces, sustained limited Aamage that did
not greatly reduce the load-carrying capacity
but sustained extensive minor damage of the
type which would require considerable main-
tenance to repair. The lighter type of con-
struction, such as that employed in fabric-
covered control surfaces (B-17 elevator),
bomb-bay doors, and other large, relatively
lightly stiffened areas, could be expected to
sustain major damage that would greatly re-
duce the structural strength and in most cases
would require complete replacement. However,
when this crushing force is combined with the
dynamic lift and drag loads due to the blast on
aircraft components presenting relatively large
surface areas to the blast wave, major damage
to the aircraft involved may be expected.

5. Thermal damage to the test articles was
minor and was confined to opaque nonmetallic
aircraft components and to the paint of metal
surfaces at ranges of 4,020 and 6,878 {t. No
thermal damage of the test articles was ob-
served at the 12,000- and 16,614-ft ranges.

8. Greater thermal damage would be ex-
pected on opaque nonmetallic components, such
as fabric-covered control surfaces, if exposed
with the maximum surface toward the point of
detonation. Burned materials were observed
at all test sites up through the 16,600-{t range
(Bokon).

T. The effects of an approximately 50-kt
bomb exploded 300 {t above the ground are
sufficient to produce noticeable damage to
structural components of combat aircraft lo-
cated on the ground with a minimum angle of
incidence at ranges up to 4,020 {t, but these
effects most probably would not produce any
blast damage at ranges of 6,878 ft and beyond.
This is referring to damage to the structural

Gl tub




R TYT J T

J

ﬁi S YrTerI Y

component by the effect of the direct forces
released by the atomic explosion and does not
include other possibilities of damage due to
flying debris, rotation, or translation of the
complete aircraft.

8, The F-47 wings and metal-covered con-
trol surfaces, while gustaining some damage at
the closest range, 4,020 ft, would have been
operable or safe to fly if required, although the
aerodynamic efficiency was most probably re-
duced. Considerable maintenance would have
been required to restore these structural com-
ponents to first-class condition.

8. The B-17 elevator, partly protected from
the thermal radiation by the holding jig, was
damaged considerably on Engebi by the over-
pressure. It appeared to retain sufficient
strength to have supported at least a 1-g load and
most probably could have operated sufficiently
to return an airplane safely to the ground. It is
also most probable that at all test sites the ther-
mal radiation would have burned the fabric from
the frame of the elevators had they been sub-
jected to direct thermal radiation.

10, The F-80 fuselage sustained some dam-
age at the 4,020-ft range, although it would
have bean operable if required. The thermal
radiation apparently passed through the trans-
parent methyl methacrylate canopy, causing
little or no damage; however, the effects on an
occupant would have been severe.

11, The strength of the small cylinders and
airfoils was too great for the blast wave en-
countered; so they did not react in a man-
ner that would permit a study and evaluation of
differential-pressure alleviation effects.

12, The magnetic-tape recorders in the con-
figuration used for automatically recording the
measured test data given in this report did not
possess sufficient accuracy, reliability, and
flexibility.

13. The overpressure rise time as measured
by ground-level interferometer gauges was of
the order of milliseconds rather than microsec-
onds, indicating a blast front appreciably thicker
than that predicted.

14. The optical method for determining the
inclination of the shock front, utilizing high-
speed motion pictures, indicated that no shock
front existed in the region of the test sites on
Muzin and Bokon. Records were not obtained
at Engebi or Teiteir.

15. The electronic-chronograph method of
determining the inclination of the shock front
resulted in the definition of an isobar, which
was due to the relatively slow overpressure
rise time.

18. None of the test articles were any more
radioactive than the background radiation of
their specific test site. Therefore as repre-
sentative parked aircrait they were not dan-
gerously radioactive for a long period of time
but would have been available for limited opera-
tion shortly (3'% hr or less) after detonation.

17, It 18 possible that fighter or bomber air-
craft of all-metal construction might be lost
owing to thermal-radiation injury to the op-
erating personnel, even though direct structural
or mechanical damage from the atomic bomb
would not result in loss of the aircraft (this is
for consideration in determining the range lim-
itation criteria for aircraft operating in the
vicinity of an atomic bomb burst from a struc-
tural, mechanical, and physiological viewpoint).

18. Insufficient data are available at this
time to define clearly the blast-front charac-
teriastics and the flow of the high-velocity air
in the vicinity of the ground.

The {ollowing conclusions apply to the rigid-
wing model:

1, The rigid-wing model was sufficiently
rigid for the purpose of measuring the airloads
and the differential-pressure distribution; how-
ever, the natural frequency of vibration of the
combination of wing-sparextensions and sup-
porting balance mechanism was excited by the
forcing function developed by the blast wave.
Because of this excitation and because of in-
sufficient damping to prevent continuance of
vibration, the rigid-wing installation was not
completely adequate.

2, Lift data, usable for the determination of
the forcing functions required for dynamic
analyses of the structural- and swept-wing
models, were obtained from the rigid-wing
models at a 9° angle of incidence at the 4,020-
and the 6,878-ft ranges. Lift data confirming
predicted low maximums of lift (of the order
of magnitude of the lift produced by wind ve-
locities normally occurring in the vicinity)
were obtained from the rigid-wing models at
a 8° angle of incidence at the 12,000- and
16,614-ft ranges. No drag and moment meas-
urements were obtained because of the dynamic
response of the rigid-wing-model installation.
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3, The maximum lift as measured by the
balancing system on the 9° rigid wing at both
the 4,020- and the 6,878-ft range was less than
predicted, but the rate of increase to this peak
was greater than predicted, and the rate of de-
crease following the peak was likewise greater
than predicted.

4. The differential-pressure-sensing instru-~
ments and installation were only partly adequate
for accomplishinent of the objective. The sur-
vey of differential pressures in the region aft of
the 40 per cent chord point was inadequate.

5. Differential-pressure data were obtained
from all four of the rigid-wing models at Engebi
and Muzin. Combinations of the differential-
pressure data from these wings provided indi-
cations of lift, chordwise pressure distribution,
center-of -pressure movement, and moment
about the 25 per cent chord point. All these
combinations are of limited credibility and
usefulness for a dynamic analysis because of
the absence of adequate duplication of meas-
urements aft of the 40 per cent chord point. No
differential-pressure data were obtained from
the rigid wings at Teiteir and Bokon because of
the small differential pressures at these ranges
(of the order of magnitude of the differential
pressure induced by wind velocities usually
present in the area).

8. Variations of differential pressure with
time at the chord points of the wings, as pre-
sented herein, individually possess certain
distinctive features which may be of signifi-
¢ance in detailed analyses to be conducted or
which may be useful in other fields of atomic
blast study,

The maximum lift on the 9° rigid wing at the
4,020-ft range, as obtained by combining the
differential-pressure measurements from this
wing, was approximately equal to the predicted
magnitude. However, the rate of increase to
this peak was much greater than predicted, and
the lift force following the peak was less than
indicated either by theoretical consideration or
by the balance-system measurements. The
chordwise pressure distribution for this wing
and the weighted average distribution from all
four wings at Engebi and Muzin averaged over
the first 320 msec following arrival of the blast
front were similar to the predicted distributions,
with the notable exception that the differential
pressure at the 80 per cent chord point was
approximately five times greater than the pre-

diction. The average chordwise distribution
for the 9° wing and for the combined wings
during the first 100 msec was substantially in
accordance with the predicted distribution, in-
cluding the 80 per cent chord point,

Center-of-pressure movement on the 8° rigid
wing at the 4,020-{t range was very great and
considerably erratic, exceeding anything pre-
dictable by steady-state analyses. Variation
of moment was similarly large and exhibited
possible correlation with the variation of the
angle of attack of the wing.

Turbulent air-mass flow, with noticeable
vertical components, was present at the time
of transition from the positive-pressure phase
to the negative-pressure phase at the 6,878-1t
range.

The phase relations of the differential pres-
sures at the 6,878-ft range may atfect the dy-
namic analyses and are of interest in connec-
tion with theoretical concepts of the circulation
about the wing models,

From the structural-wing models it was con-
¢luded that:

1. The structural-wing models were ade-
quately designed and instrumented for the meas-
urement of first-mode bending stresses at the
4,020- and 6,878-ft ranges. The same design
and instrumentation were not sufficiently sen-
gitive to measure accurately the small bending
stresses encountered at the 12,000- and
18,614-ft ranges. The design and instrumen-
tation were inadequate for the measurement of
shear and torsion loading at any of the ranges
because of excessive strength in the shear webs
of the spars.

2. Bending-moment data, suitable for com-
parison with the theoretical dynamic analyses
to be conducted, were obtained from the struc-
tural-wing model at a 8° angle of incidence at
Engebi and from both structural-wing models
at Muzin, The 9° angle-of-incidence wing at
the 4,020-1t range (Engebi) failed structurally
at the root section before the dynamic loading
conditions developed sufficiently to be used for
analysis. Bending-moment data from the 9°
structural wing at the 12,000-ft range (Teiteir)
confirmed the prediction of low dynamic loading
at this distance.

3. The bending-moment data have no major
significance until compared with the theoretical
dynamic analysis yet to be conducted. The maxi-
mum clearly defined stresses occurred at the
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first peak of {irst-mode vibration of the wing
models. The first-mode vibrations occurred at
approximately the frequency predicted prior to
the test. Second-mode stresses superimposed
on the first-mode stresses increased the magni-
tude of the maximum bending moments at the
6,878-ft range (Muzin).

4, 'The bending moment measured at the
intermediate station of the 6° wing at the 4,020-ft
range appears to be much lower than preliminary
calculations would indicate although without an
apparent source of error. Therefore use of this
item of data must be on the basis of possible
gross error in measurement.

From the swept-wing models it is concluded
that:

1. The swept-wing models were adequately
designed and instrumenied for the measurement
of first-mode bending stresses at the 4,020-
and 6,878-{t ranges (Engebi and Muzin). The
same models and instrumentation were not
sufficiently sensitive to measure accurately the
small bending moments occurring at the 12,000-
and 16,814-1t ranges (Teiteir and Bokon). Shear
loading on the swept wing at Engebi was suffi-
ciently large to avercome the insensitivity of the
gauge installation induced by the relative stiff-
ness of the spar webs, Except for this instance
the mode!l design and instrumentation were not
adequate for the determination of shear and tor-
sion at any of the ranges because of the propor-
tions of the spar webs.

2. Measurements of bending moment, suitable
for comparison with theoretical dynamic anal-
yses, were obtained from the swept-wing models
at Engebi and Muzin. Bending-moment meas-
urements {rom the swept wing at the 12,000-1t
range (Teiteir) agreed with the prediction of
low dynamic loading at this test site. Shear
measurements, acceptable for comparison with
the dynamic analyses, were obtained only from
the swept-wing installation at Engebi.

3. The measurements of bending moment and
shear have no major significance except in com-
parison with the theoretical dynamic analysis,
which is as yet uncompleted. The maximum
stress recorded for each measurement usually
occurred at the first peak of firat-mode bending
of the swept-wing models. The first-mode vibra-
tions of the swept-wing models occurred at ap-
proximately the same frequency as the first-
mode vibrations of the structural-wing models,
as originally predicted for this test. Second-
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mode bending moments superimposed on the
first-mode hending moments increased the
magnitude of the maximum stresses at the
6,878-ft range (Muzin).

From vane-type angle-of-attack measurements
it is concluded that:

1. The split-triangular-vane-type angle-of-
attack indicator installed at Engebi measured
the variation of the angle of flow of the air mass
behind the blast front with an unspecified degree
of precision, The weather-vane-type angle-of-
attack indicator installed at Muzin was inade-
quate for tiie measurement of the variation of
angle of flow because of its tendency toward
full-scale oscillation when subjected to the
dynamic conditions of this test.

2, The specific characteristics of the angle
of flow of the air mass at the 4,020-{t range,
as given in the following paragraphs, are tenta-
tive, based on the results of one instrument,
and are subject to investigation by other means
in future tests.

3. The air mass was considerably and con-
tinuously turbulent at a level 85 in, above the
ground.

4. The average flow, eliminating the higher
frequency fluctuations, initially possessed a
downward component that was replaced at ap-
proximately 25 msec by an upward component
of smaller magnitude that decreased until at
65 msec no substantial vertical component re-
mained. This (low was maintained until the
waning positive-pressure phase introduced
large angular variations in the flow.

5. The measurements of the angle of flow at
the 4,020-1t range can be used to interpret, an-
alyze, or modify the results of the lift, pressure,
or stress measurements obtained.

From a study of the temperatures of structures
it is concludad that:

1, The survey of temperature variation with
time was extremely limited in scope but pro-
vided information on heat transfer through typi-
cal aircraft structural configurations.

2. The use of Temp-Tapes was an efficient
method for measuring a large number of maxi-
mum internal temperatures on alrcraft struc-
tures exposed to atomic explosions. These
temperature measurements appeared to be
sufficiently accurate to be used for verilication
of theories concerning aircraft structure tem-
peratures produced by thermal radiations from
atomi¢ explosions. The Stikon and the Trans-
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sonic temperature gauges provided a feasible
method for measuring the variation with time
of both internal and external temperatures of
aircraft structures exposed to atomic explo-
sions.

3. The maximun measured temperature rise
of the structural-wing models, occurring at a
point on the external skin surface where the
angle of incidence of the thermal radiation
was 25° for the two sites of record was 87°F
for Muzin, 8,878 {t, and 27°F for Teiteir,
12,000 ft. These temperatures were attained
in 0.4 sec and were followed by a decrease to
approximately 70 per cent of maximum in 2 sec.
Equivalent computed temperatures for external-
skin-surface points normal to the incident radi-
ation for each site were 329°F for Engebi,
4,020 ft; 175°F for Muzin, 6,878 ft; 57°F for
Teiteir, 12,000 ft; and 21°F for Bokon, 16,614 ft.
To obtain total temperatures, the ambient tem-
perature, 80°F, must be added to each of these
temperature increases.

4, The maximum measured temperature rise
of the inside sl.in surface of the structural wing
was 85 per cent of the maximum temperature
rise of the corresponding outside skin surface.
The measured temperature rise of the spar
web was of the order of 10 per cent of the
maximum temperature rise of the point of the
external skin surface having a 25° angle of
incidence to the thermal radiation,

5. The temperatures induced by the thermal
radiation of an approximately 50-kt bomb had
negligible effect on the structural properties
of the wing models while these models were
under the dynamic loading of the blast wave.

7.2 RECOMMZENDATIONS

It i8 recommended that:

1. The USAF utilize the data that were assem-

bled to define the forcing function or loads im-
posed on aircraft wings, particularly the rigid-
wing model; to perform a dynamic analyais of
the structural and swept models, utilizing the
forcing function measured on the rigid-wing
model; and to check the validity of the method
of dynamic analysis, utilizing the bending-
moment and shear measurements made on the
structural and swept models. The USAF should
also utilize the temperature data presented in
this report to check the validity of current the-
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ories concerning the aircraft structural tem-
peratures resulting from thermal radiations
of atomic explosions.

2. Criteria be devised by the USAF and made
a part of the specifications for the design of
aircraft and missile structures that would par-
ticipate in atomic bomb missions and for those
likely to be exposed to an atomic bomb explo-
sion. These criteria should restrict the use of
exposed (exterior) materials that would be sub-
ject to burning, such as fabric used on control
surfaces and other opaque nonconducting mate-
rials which can be effectively replaced. For
components fabricated from nonreplaceable
materials, such as rubber tires, sealing strips,
deicing boots, and radar domes, other forms of
protection should be devised, such as the com-
plete coverage of tires with wheel-well doors,
possibly a redesign and relocation of exposed
sealing strips, and ‘or the requirement for
reflecting or nonabsorbing (white) materials
or coatings.

3. As a result of the data gathered on Op-
eration Greenhouse a new evaluation be made
of the effects of an atomic bomb on present
military aircraft likely to be exposed in future
operations to determine if modifications are
warranted to minimize thermal and blast dam-
age.

4. In the selection of the detail design of
ajrcraft structures normally required to carry
only small or insignificant loads over large
surfaces, such as wing skins near the trailing
edge, control surface skins, bomb-bay doors,
landing gear, and access doors, consideration
be given to the use of materials and combina-
tions of materials (sandwich construction)
which result in the greatest structural resist-
ance to pressure differentials on the surface.

5. The minimum safe range from an atomic
bomb explosion be determined for operation of
conventional combat aircraft with the evalua-
tion specifically including the critical physio-
logical conditions resulting from thermal (and
nuclear) radiation which would immediately
incapacitate the pilot (and other crew members)
to such an extent that loss of the aircraft would
follow. It i8 further recommended that, if opera-
tions are restricted because of physical lim-
itations of the crew, passive defense measures
be developed.

8. Recording instruments for recording data
of the type measured and reported here, with
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particular attention to oscillograph types, be
investigated and evaluated for use in future
USAF ground-test programs. This evaluation
should include, if at all possible, a complete
shakedown test in the presence of an atomic
bomb explosion prior to the acceptance of the
instrumentation as a basic recording system.

7. After all Greenhouse reports have been
prepared, a seminar or school be held for the
project officers and their immediate staff
wherein the latest fundamental information
gained from this operation could be released
and discussed. These people are normally
responsible for future plans and operations
within their own agency or branch of service
and therefore should be in a position to for-
mulate decigsions based on the latest data to
facilitate maximum utilization of the present
knowledge.

8. A more detailed investigation be made
of the blast-front characteristics and the flow
of the high-velocity air in the vicinity of the
ground; this should include a survey up to
heights of 70 ft for purposes of USAF ground
tests.

9. Additional tests of the effects of atomic
bomb explosions on aircraft structures located
on the ground be conducted. These tests should
include, but not be limited to, the following:

(a) An investigation of the problem of pro-

tection (revetments) of aircraft while
in a ready position on the ground.

(b) A more extensive test of the thermal-

radiation effects, including a more in-

64

tensive temperature survey on materials
and coatings utilized in aircraft and
missile construction,

A test of aircraft struc.ures, exposed
with varying degrees of the largest pro-
jected area facing the atomic bomb explo-
sion, to determine the effect of overpres-
sures combined with the dynamic lift and
drag loads.

An investigation of the variation of the
angle of flow of the air mass behind the
blast front by means of differential-
pressure-wedge arrays.

(¢
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10. In the event of future tests of the effects of

atomic bomb explosions on similar aircraft model
structures, the methods of instrumentation should

include, but not be limited to, the following:

(a) The omission of differential-pressure
measurements at ranges experiencing
less than 3 psi overpressure.

(b) An improvement in the reliability and/or
the quantity and distribution of the dif-
ferential-pressure-sensing units.

(c) A more adequate survey of differential
pressures in the region aft of the 40 per
cent chord point of the wing models.

(d) An improvement in the balance and sup-
port system for wings of the rigid-model
type to minimize the excitation of natu-
ral frequencies of the system,

(e) The design of wing models of the struc-
tural and swept type in a manner facili-
tating the measurement of torsion and
shear stresses.
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Fig. 1.3 Typical Installation of Swept-wing Model before Bomb Burst, Engebi, Range 4,020 Ft, The
vane-type angle-of-attack measuring device was not mounted on the pylon supporting strut at the time
of this photograph,
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Fig. 1.4 Swept Model on Engebi after the Explosion. The scorched paint on the large strut and leading
edge of the pylon is the only visible damage to this test installation (see Fig. 1.3).
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Fig. 1.22 Vane-and-slender-body-type Angle-of-attack Indicator, Muzin, Range 6,878 Ft, Fefore Bomb

Burst
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Fig. 1.23 Installation of Vane-and

=slender-body~type Angle-of-artack Indicator,
Ft, before Bomb Burst
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area zbout the removable panel under the large F, range 4,020 ft, is shown.

Fig. 2.4 Left Side of the F-80 Fuselage Nose on Engebi after Bomb Detonation. The shallow dished
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Fig. 2,6 F-4T Wing, Aileron, and Flap Installation and the Small Atrfoils Set at 22"4’ on Engebi, Range
4,020 Ft, before Bomb Burst
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Fig. 2.8 F-47 Wing and Alrfoils on Engebi, Range 4,020 Ft, after Detonation. The impression of the

internal structure on the skin and the depression of the skin between the ribs is evident. The skin dents

on the leading edge near the tip may be seen. The airfoils failed under combined bending and torsion
loads.

UNGLA




Lo 11y

Lis

ok

-y

Fig. 2.7 Porton of the F~47 Wing of Fig, 2.8 Showing Swuctural Damage, Engeb{, Range 4,020 Ft, after
Detonation
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Fig. 2.8 B-17 Elevator on Muzin, Range 6,878 Ft, after Bomb Burst. No damage of any type was sus-
tained.

UNGiAsSiFEn




——

*2ouaprouy jo 2[Bue g 3¢ 135 1w splojve
35341 "3 00’2l 2Buwy ‘nAa] ‘Bmg quiog 2J053q UORETIMIsU] 1PURAD pue Moy eo1dAL 672 By

0

.r
- >
T et

X 3dvi-dw3L ¥ -,
an

SY3IANITTAD

v

ittt A AT BT

S1044IV

R

-
't
ba

UNCLASSIF;



3mm piSny 2@ Jo uopannsuo) o Smensni Smmeq onewaps  01° Bid

IFicD

)
v

GLAl

?
]

u

et M) M



s

w3
-skg aoue[eg ay jo Sutuonoung ayp Bunensnyy] ‘1apon Bum-p18p s jo weBeig cnewayos

11°2 By

UNGL:...

]




-uonisod [BUIIOU MOYS 01 $3IIM OM1 UO papuadsns U33q s¥y 13UIYNS NeJpaIINy] pIrre)

Am191dwo) *g pue y 1€ UI3s 3q Kew JUsUOENE 1001 3P JO sdeo seds ramor pue 12ddn qaoq jo Sunpowin

-uoneuo1ad 191j€ ‘14 020' v 2Buey ‘1qa8ugz vo uopoas 100y Sum-emonng parred jo sywdg  21°% *Big

99

l’:{.‘.

S



e

b

l';gﬂg ERE
iR

*uMoys
3T g 13U3)jNs ITIPIWRIM pafie} pue *3 simjod 1e sded reds 1waq *qam reds woy 3 Bumyy 1004 jo 20wy
3unired 1¢ 519411 parvays “Ismg quiog e *1qe8ug ‘0T [9POW [eMISNTS porrey

@ jo mITA  £1°2 By

100

UNGLASSIFIED

i

e iy

B TRCT™ 2




“unfs wonoq jo aprsur uo pue reds PItmioj Jo 30®) 3¢ no 1w Kayt sadej-dwag jo vonwg
*sreds uaamiaq paaoway 13409 dol qm (1smg quiog 131)¢) TPPOW [emadNns 91z “Biy

-1e1su] Buimoys

101

R

g o MR 80 A




(ouaprou jo IBuy ,9) 10- NS *stapo Supm-TeIm
-anng puey-1y AP 10} SV PROT UONERIGI[ED PUY ‘sIVW P ‘safineo mras jo wopwoy gr°g Il

o [ aX 1 o8

o 0 93 om0 > o o
|
- - - Coe = e u__
“ _ !
- kY ——— ] rEr
. 2§
! e
- LYl -
,. U
- i ve - . v < ,
©) wouvis ® wouwis @ wouws : ;
; X - vz - vz H
] N H
'l*illJI(lulllIIJl IS S x A s R I AN o RN §

=3
103

I = =3 S J— A8 == i SO
1y ,

=

)
T TR

WNI 80P I VLUINI JO ANINOW NOUIIS

NOILI3S Omiv ¢0-T0 vOwN

R T R Oy e




~ Ay

(32uapiony jo 21Buv 6) ¥0- 1US *syapop Supm-[esmonngs pusy-Bns o

10§ safnen amexndurd] pue *nulog proy LONTIQI[EY) ‘sassey pea] *salne urens jo vopwdo1 91z Hy o
o ow o oo
v o 9> o 0 2> o1 o 9>
- € I
- o -
- . -
-y - ve -
€ wouv:s € wouvis ». wouwis ‘
- vz P vz . we o -
. - N - —~ _ )
d oee
o
% - . . \ o R q : ,,.lUUHIh:I«I °¢ oo |
» * - . = : Nl
! ~W4- ‘ & uw - - i o h!”!" ''''''' = k
- ot = oy T T T T AR ———t A
Vit . Dot B = * W
[ - — - e MMﬂ\th'!”uﬁlr % R e
o £ "4 wini ~0 - e dee===x== ! norsvos
F H»_ | 00 oo
/ C LTl K
- z — T — - [ S - .
- s - ! _ . @
| e
- wE L - H
- "o - & @

iNoa avor PNUBOPEL VILHINI JO  ININOW  NOILI3S

NOILDDS MOY €0-%69 wowN

103

itigy




@1 oe

avit 40 2>

(3auaptay jo aBuy %,8) S0~ 533198 "STIPON
Buim-1doms ay1 1o} slulod peo] uoneiqife)) put ‘SIFSEW pea] *sa8nen urens jo wON®OT LI°2 .ur_

dIIMS 4O TIONV GC

‘NOLLIIS ROMIV Si0-T69 VIWN

e sv 0" s»
ov31 40 2> oI o 2>
vt 2o S- -
e . -
- zn o \ -
07 UMD NOE GV BE) 1008 O NOUWIIROLE
i
~ vy e — -
ﬂ., J
jnd L 7208 4 4 - - -
I
OL U OL U
SNOIIVYIO) INIOW avOol -
s
n . n I n I
B ¥ i I
: ' " I
3 e =, \»]“lwwll\lflw..»llltY I esawea
B A ftarp e o m—— e Wy Ahe=— iy .
) 0 5
O oo P
s T I LTI T TTrTTInTIITTT oA
i .
Wt e R S I
e i —— e "u_v lllll e \wnmuwuﬂwu
- K el
i H "
" [N
o ' |
i " iy
b - - B S i —— S [ D —
_- " v C—
- [ L XY S
yNL 60 P=] VLN JO ANFNON NOILOM




*a8pa Bujpra; uo vorsors 1g81ys 305 3da0X2 1IPTAD SEM
~Sewep oN “1s1ng quiog @yye 1y 0Z0'y 3Buwy *1qaBug uo aouapiaY] jo Ifuy L0 Iv 1g MoV g1 Bid

~ .y

‘o’.{

108

e i R =11



P N T T R )

=

Pig, 2.19 Detalled View of the Airfoll Shown on Right in Fig, 2.18. Note the severe erosion of the Temp-
Tapes.
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Fig. 2.24 Suuctural Damage Sustained by B-17 Elevator on Engebi after Detonation. Compare with Fig,
: 2.23. Note small hole in fabric in Fig. 2.23 in same bay where fabeic is torn in this picture.
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Fig. 2.25 Spanwise View of B-17 Elevator from Engebi with the Fabric Removed from One Side (after

Detonation). The concave appearance of all the crushed ribs is shown,
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Fig. 2.26 Crushed Internal Swructure of the Inboard End of the B-17 Elevator, Engebi, 4,020 Ft, after
Detonation
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Fig. 2.27 Inboard Portion of the B-17 Elevator Showing Burned Fabric at the Leading Edge and Crushed
Structure (after Detopation)
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Fig, 2.28 Appearance of a Shock Fiont Photographed with Fastax Cameras during a 10,000-1b High-
explosive Test at Aberdeen, 47 October 1850, Note discontinuity of ropes C at A dnd B.
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Fig. 3.29 Fastax Camers with Protective Canister (before Bomb Burst). Plexiglass cover exit pupil and
the placement of some lead bricks are shawn.
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Fig. 2.30 Grid Suspended in Camera Field, Showing Vertical Pipe and Ping-pong Balls for Optical
Angle-of-attack Determination, Teiteir, Range 12,000 Ft, before Bomb Burst. The vertical pipe was
used as reference line, and the plag-pong balls were used as reference points,
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Fig. 2.32
8- Typical Electrical Controls at Each Island Site for Cameras and Lights, before Detonaton
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Fig. 2.33 Insullation of Angle-of=strack Blast Switch for Simultaneously Triggering Electronic Chrono-
graphs, Muzin, before Detonation. The chronugraphs were housed in submerged concrete insurument
shelter.
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Fig. 2.34 Insullation of Angle-of-attack Blast Switches for Stopping Individual Chronographs (after

Detonation). Remains of white tissue paper used to protect diaphragms from thermnal radiation can be
seen at 10~ and 13-ft elevations.
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Fig. 3.1 Perspective Interior View of an Insrumented Spanwise Station Typical for the Swept-wing and
the Suuctural-wing Models. Letters denote gauges (see text for expianation).
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Pig. 3.3 Schematic Wiring Diagram for Srain-measwement Bridges on the Structizal- and the Swept-
wing Models
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Fig. 3.7 Drawing of Temp-Tape Components
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Fig. 4.1 Csalibration of Blast Switches

137

L] e
vickh




1 0124213 L1-€
Tapqista jou It pue 1S 1X31 201 Jo mU_u_EMuuxN 212 JE 21E vuwﬂEﬂV:__ 1M POTYM EAD[I
a .N~Um—.; o8-4 Yyl 14 8L8°9 uey UOTNIEUCIA quiog Q—Ecuc P e as 1331 uyzoN 1°g m«&

v

138

. z.@'rtw‘ﬁ

NS

z
>
v
o
.
-




ey §

14 020"% 38ury *uoneucrag quiog s1wory 3N Mje 1 9 Aarewxorddy aus 1591 1998u3  z-g By

e fal e

139

et ey ILU

¥
L

ottt e

ot By iy




. w8

g

Fig. 5.3 F-47 Wing and Airfoil Installation on Teiteir, Range 12,000 Ft, before Bomb Burst. This view
{llustrates the simple sheet-metal covering placed over the gear strut and the wheel well for comparison
with Fig. 5.4.




Fig. 5.4 Crushed Sheet-metal Covering of the Wheel Well of the F~47 Wing Installation on Telteir,
Range 12,000 Ft, after Bomb Burst, Peak pressure was approximately 1,5 psi, No damage to0 the basic
wing was noted.
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Pig. 5.7 Partally Failed Afrfoil with No Venting Holes, Engebi, Range 4,020 Ft, after Bomb Burst, This

is the airfol) on the extreme right in Figs. 2.5 and 2.8, originally set at 22'4° angle of incidence. The

Temp-Tapes on this side were partially protected by the nose of the airfoil during the positive phase,
and they show only medium effect of erosion and thermal radiation.
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Fig. 5.8 Variadon of Lift with Time, Obtained from Balance-system Measurement for Rigid Wing 102.
The angle of incidence was 9°, and the range was 4,020 ft, Engebi.
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